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ABSTRACT 

This report is concerned with the relationship 
between income and schooling. A theoretical model explores the role 
of schooling as an informational or screening device with an expected 
profit maximization framework. The issue revolves around the extent 
to which formal schooling serves to augment worker productivity and, 
thus, social product, as opposed to conveying information to 
employers about the probable productive capabilities of prospective 
workers without, in itself, affecting those capabilities. Empirical 
tests are formulated to disentangle schooling's productivity 
augmenting end identification functions. The conclusion drawn is that 
the apparent use of schooling as a screening device does not appear 
to stem from a mere identification of productivity types. In fact, 
the pure productivity augmenting view of the income-schooling 
relationship appears greatly more tenable. (Author/KSH) 
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This rt^port uMf. conc.::inicd v.'J Lli tlie rcO.nt: Lou.sliip bctv/cen inconio and schoolin;;* 
A l.ht'oroli.i cal l.^:MJc^l v;r.<^. d.v.M.opou whJrli r.';p.1orcd Iho rolo of richoolinp nr> an 
inrorra..ituuMl or scrcevilii;: clovlce v/lLliLi). an expc^ctou profit mnximizatiou 
fraiu:"v:ork. Sc:vl i.l pr opo.-:i L xony conccniinr;, tha demand for factors of pro- 
duction of uuci^vta.Li'i •[iiality dGmonj.^t:rated . 

Knpirical tef^ts W'.w'o f ori-iular cid to d i soni.^inf.O o sci.oo.l :inp, Vs productivity 

oil »»t.^ w r«-ir> Mf\#'] III* > I I* -1 1* I f o ^ I* ^1 f .< ) I T >tT ^tM"* ^M' ''•I'? n • Tbf*. OV?Ld SU^T'C*. st. 

the: fon;u!j: Lo bo the u;oro tcnah.lo view. 
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Since Lhc advent of the humaa capiLal concept:, much research has 
been devolrecl to the relationship butvjccn income and schooling. Previous 
studios have clearly demoui^tratcd that schooling exerts a substantial 
po:jltive effect on earning.:-: even after atteippting to control for innate 
abx.l.Ity and family background characteristics. Recently, questions 



have been rnxscu concerning the underlying nature of the observed 
relaLionbhip betvjoen inco'.uo aud schooling, in essence, the link upon 
which it rests. The issue revolves around the e^:tent to which foriual 
scbooling serves to aut^nient v;orker producttivity and^ thus, social 
produc", as op[A):jivi to conveying inf or:;^.:iLion to ci-iployers about the 
probable productive capabllxties of pro;:pective v.'orkers without, in 
itself, affecLing, those capabilities. 

The study first explored a theoretical nodel of this latter 
"scrcr.ing" role and then attempted an empirical investigation of its 
relative importance. The basis for the model was that individual 
productivities aro unknovm to tiie firn prior to hiring and neither 
Instantaneously nor costlcssly determinable from direct observation of 
on-thc'-job performance. The information available to the firm v/as 
restricted to ]inoA\ledge (a subjective notion v/as also treated) of the 
fir^.t two moments of the population's skill distr i.!)tition \/ith output 



BEST copi mmii 

\.'.i.uiJ)i AP tn-.j-ocL c.] pruCi.l. \.i > .i.::.!t U),i j r:iino\,'.):-]:> imoca-tainty or ri.sk 
in .lie rorm cC il; v.-. ;,;!(,•.-! to locid to a rcducUloii :i.n 
evi>ocf(il ijj.ont;; at Lli.. 1)J:cv.'uuu i.iipi.!: i:c:Oc\;\ and to ijubf-:t :i.tut J un and 
prodacflou cXroct.s on .Cactor uinn.i.oyKi-nL . It wa;.-, further dc-;i:ori.UraLc-d 
tIi:;L tlio uct:'.: •;•..! for v.'or!;e.j:;; asr.oci.al ;\1 a j'..ivc.,) ;,choul'uvj, rroiip 

dcpi-ndjd u]h:>!-i !..oLli the avcr..;>! skill J..: val and the. varJ.aucc-rr.uau uki.L.l 
rat.io oj; tacr jyuv.-p. TjiM-, .-c'hiiolj.:i;/ r. privaLu roLnru could be viewed 
cr- a reflect u-.:i oi ii:<:i xivCc -...sLio-u'^ cout-ni:, i.e., itn surtl));.' fmictiou. 
l'u;;tlK-T, c-1 M.-aK-L betwen .cicup ;.!-.lll variance llirovicli ;:Iic u.-.c of 
ici( -I. ; : ■ o.M.j .c.e.r'.cann;;, devleei; \.v..;; r.]io\m to lead to a r;ore 

errie lc -at a:!.le(:al;:...r/. of v;.:ir] e.i: .,• botli \.'.LL ])r:.n and aero;;:.; firnn. There- 
fore, even iC the liif.^lier averaj;,c ;;kill lc:velr, asf:.oc.i ;;tc.d vith the inoro 
acno(^lcd \.ere not produced the .sehoolin;^ proece;-:, isehoolL 'h social 
benefit v:oi'ld not lie zero. 

All;hoe:,h r.evoral tcvLn a:Lj;:ed at di.stin2;ui;;li:In(; bctwet:n the. two 
viev.'3 ',-ero cue.d'.u'te.d , probably the. L-.f-rori;-,est test fei: thc> exif.tcncc of 
nn. Jd'.'!it:i f:!cal -Jc::! crflect v.a: ba;;ed vpcn a cor.ipa L-fe.ou botv.-'een i;c]ioolin3 ' g 
return to relf--ci;iploycd and private \;a::u and salary v.'orkerfi. Since the 
fQ3.-;:!r-r a:e jtot ;aibj'''et to a .';croeni. p->-occ.r;!:, i.e., there ia no need 
for th'i;! to i.!ent;ify their capabilit J.ea throuf^b fornal nchooli'K;, the 
abr;e.nco of a productivity effect .should be luanirer.'. ed in a lov.H-.r return 
to liche.o.l in;: th.-'n for tlie latter 'livov,). Utring the i:nKk-Thornd.Il;e r.ample 
dj t;eu;;r.ed uore iully in tlic tc--:t» eariiin-.r: rej-re.'j.'j.iou.'i v;ere c-itJinated 
and profilers of the two vo.lx-r claaset; coj;ii)are.d . The Hchoolinp. effect, 
±s\ p.eneral, \.Ma not "si-uif Xeeut ly" di,rrii:eaf for tlie. two p^roups. 
ainilar rerujlt;; \.'er... obtained for a coi;:i.>ari.';on of tlie effect of hJpJier 



' quail I y" unaui.^.i.-.uUiaU; t;:ai.ii.[n- in c.nni.i.i!-:: bcLv.von. U,o twu c.las.'.os ; 
earn oC Lhcv r.el.C-cjiipIoycd x.-c.-rc, f;oen Lo be oriually uu;;mc.iU:c>fl by 
grcatrr c];-.!al.iLy :-.c.!!Ool.ln[i. 

TI.o coi)c:.lu:;ioM dravra fro:-.i f.hir. and oi.l, cc inde]uM;doaU cvidc-nce vas 
that U.o apparcvL; lu;.- of fldiou.lina a scrccninij device did not" appear 
to i;Lcn from a mere idcnti f Ical.i.on of producLivity lype<;. In f^ict, the 
pure prcHlacfivlUy rv:;;.rv.uil:ui3 vl.iv/ of LliC lncomc-.;chool inj; rala'cio',:;;hip 
appear od !',rc>aL.ly j.ora tonab.le. 
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^ cuArxKii I 

lOTRODUCTION 

dince the formulation of the human capital concept > much attention 
has been focused on the relationship betv;een income and schooling. That 
schooling exc^rts a substantial positive effect on Income has been well 
documented. Direct calculations of internal ratns of return to school- 
ing performed in the earlier studies of Becker (3 ), Hansen (10) t and 
ochcrs clearly demonstrated that, as an investr.cnt, schooling v;as 
competitive with physical investments. Later research, attempting to 
control for innate ability and family background characteristics which 

could impait upv/ard biases to the estimate of schooling's return, in 

1 

general, did rot diminish this finding. 

However, a more fu idamcntal qucsliion has recently been raised 
Involving the underlying nature of the observed relationship between 
income and schooling, in essense, the link upon which it rests. The 
issue revolves around the extent to v;hich formal schooling serv'es to 
augment worker productivity and, this, social output, as opposed to 
conveying infonaation to employers about the probable productive 
capabilities of prospective workers without, in Itself, enhancing those 
capabilities. In other \vords, the investment in schooling may serve 
the purpose of enhancing one's skills (the human capital view) and/or 
of identifying oneself as a more productive person (the screening viev;) • 



1 

See Grillichc:i and M<t.;ou (9 ), Ilauac (11), or Clntis ( ?)• 
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Althouch the private rate of return to schooling may be inv.iriant 
to thG uitx between tuc "productivity" and '^identification" effects, the 
social rcLiirn dopciids crucially upon their relative importance. In the 
cxtrcrao, if schoolins'a sole function is informational, its social pro- 
duct is related exclusively to the social value of ;.he information 
imparted. 

A brief outline of the dissertation will serve to demonstrate its 
aims. In Cl;apter II a model i j developed whicn explores the impact of 
labor quality uncertainty on a competitive firm's demand for productive 
fact-rs. Given imperfect information about worker productivities, a 
rationale is shorn for the use of screening de\ices which segment the 
population into classes differing with respect to their "skill" 
distribution parameters. In particular, firms are shovm to pay a 
premium to workers associated with (schooling) groups with higher mean 
skill levels and lower variance-mean skill ratios, the latter component 
being a return based upon the relative riskiness of the .input. 

The model is, hcv/ever, only a partial analysis as schooling de- 
cisions are ignored. In Chapter III several models incorporating this 
aspect are critically surveyed. The proposition is that individuals, 
in maximizing incomes, may choose schooling levels in a manner systema- 
tically related to their endowed market productivities which, being 
based upon what firms believe the sch';oling-productivity relationship 
to be, exactly conforms to those beliefs. The crucial assumption is 
that schooling acquisition costs are negatively related to market 
capabilities. A modification of this assumption is explored in the 
text. Moreover, as a direct consequence of the presumed production 
process, aggregate citput is unaffected by the placement of workers 



either within or between firms • Usinc the model presented in Chapter II, 
several possible sourcas of aggregate output gains associated with the 
efficiency of the screening process are isolated. The latter part of 
the chapter surveys two empirical studies. The first attempts to show 
the existence of a productivity effect while the aim of the second is 
to demonstrate a screening effect > although a somewhat different one 
than that described above. 

In Chapter IV the results of further empirical tests are reported. 
An attempt is made to isolate both the mean and varinnct: cor.ponents of 
schooling ^5 return mentioned above. 

Chapter V presents a summary of the major theoretical and 
empirical findings of the dissertation. 



TlUi DW-5A:;D m\ );AC1(JRS 01' J?RODUCTX.ON UKDliK I>a'EIU''ECX INi<'OiU>lATION 
WITH. APPLICATIONS TO luM}?1.0Yl'Ii*:KT SCIU'JuNING 

In thi.s chapter the behavior of a competitive firm whose labor 
inputs are of uncertain quality is analysed. The problem arises for 
the firm because it must choose its workers from a population composed 
of individua]s possessing a diverse set of productive attributes or 
skills, most, or even all, of which are not directly o> ser\'able by the 
film prior to an individual's employment. Productive attributes are 
defined so as to include both concrete technical iikills and personal 
characteristics such as riotivation and responsibility. In short, the 
set consistr of all attributes perceived by the firm a^s contrlb-.^tiTi^ 
to au individual's productivity. However, since education can be viewed 
as either augmenting some of the elements in an individual's vector of 
productive attributes or as a predictor of these elements, or both, it 
is not considered as belonging to the set. Similarly, race, sex, c:>:- 
perlence, marital status, family background, and other characteristics 
whicli (may) serve as possible information sources to the firm are 
exclt;ded. By using this classification scheme V7e wish to draw a sharp 
distinction betv/een those itcins which enter directly into the firra^s 
production function and those v;hich may simply segment the population 
into subgroups whose skill vector distributions may possibly differ. 
To clarify this distinction we v/ill refur to the former as elejiients of 
an individual's human capital stock and to the latter ^s "screening 
devices." Note that a screening device is not necessarily a passive 
instrument, but, as in the case of experience, may possibly augment an 
individu- !.'s sl:o<^k of marketable skills. 

To be more concrete, let k^^ = (k^^ kj^2 ^^ja) the i^-^^ 

individual's vector of productive attributes, where the total skill set 



coiudius oi; n dirCerunt types; thus, for any single individual some of 
tba olcm-nts may be aoro. Corrcjiponding to each occupat ion there is 
assumed to exl:>t a fimction which traiutronns these elementary productive 
attributes into a skill index. The i^^ individual's skill index for 
the jth occupation is given by g^^ = f. (k.^^ k.^ .., k^^) . Since 
individuals vary with respect to their human capital vectors, it is 
possible for individuals to have different skill indexes across occu- 
pations and within occupations to have some dispersion in skill indexes 
acrcss individuals. 

Tl;e production process within cho firm is assumed to take the 
fc "..lowing form: 

(1) Y - F(Si, S2, ..; S^, K)l 
'J 

''ir 'i^r 

-segregate skill for the j^^^ occupation, 

Lj = the number of workers cniployed in the j^^^ occupation, 

and K = nun-labor .Inputs. 
The firm, therefor.-, is onvic;ioned as eir.p toying individuals for 
particular occupations or job categories. 

With perfect ceruainty aj to each individual's human capital vector 
tho il-'ii person's market wage for the jt^» occupation is given by r^. 5.., 
i.e., the product of the competitively determined real rental rate per 



Positive and dimjnJr.hing niarf'inal pn^iUjct.i are assumed. 
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unit of the jth skLll index and the i^h individual's skill index for 

2 

that occupation. Hence, within the framework of fixed human capital 

vector:;, both iiiLcr- and intra-occapational v/age differentials can be 
3 

generated. Moreover, group wage diff ercr-liaTs within occupations 
vould exist solely as a result of differences in group averages. For 
example, the relative wage of high school to college graduates would, 
for the jt" occupation, equal = where "s denotes the 

average level of the skill index. However, group differences over the 

entire population also depend upon the allocation of workers to 

occupations. With perfect information this would be accomplished so 

as to ensure each worker, given his skill vector, receiving his 

4 

laaximum possible wage (utility adjusted). 



The i " individual's nar inal product in the occupation is 

BL. 'as. OL.. as. * ij 

« 

3 

It would be interesting to explore this certainty model in a general 
equilibrium context of occupational choice allowing for hiunan capital 
augmentation. See Fn. 4, 5 for a further discussion of this point. 

A 

Although occupational choice is not considered in the model that 
follows, one can easily see that the return to schooling, for example, 
Is not invariant to this choice if productive attributes, and, there- 
fore, skill indexes are differc: -tially augmonted. 
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The O-ncrement in output from an addJtional unit of the l^^ 
elementary skill due to the employiuent of an extra worker will depend 
upon the function to whi.ch the worker is allocated. The marginal pro- 
duct of the l^^ skill when applied to the j^^ occupation within the 
firm is 

i.e. its addition to the aggregate skill index times the marginal 

product of the skill index. For example, an e:<tra unit of typing skill 

may have a high marginal product v/hcn embodied in an individual employed 

as a secretary but a negligible one when embodied in a manager for whom 

5 

its skill index contribution is small. 



5 

Notice that the factors being purchased in the market are the skill 
indexes and not the elementary attributes. Since the fonncr are 
t'-jchnologically detemdaed from the latter, it is possible for indi- 
viduals to have redundant amounts of specific elements as, for example, 
in the cafe v;here all the transf omation functions are of a fixed-co- 
efficient nature and not all proportions of tlie elementary attributes 
possessed by individuals are represented in the occupational structure. 

An alternative is to enter aggregate amounts of each attribute 
separately into the production process as in V/elch (L9 ) , i.e., 
y '» rCkj^, k2, .., kn, K) . An individual's ■ '..ge rate then depends upon 
hiG human capital vector and real rental rates on then elementary 
productive attributes. 

The specification in the text v;as chosen because it lends itself more 
easily to the problem of quality uncertainty. 
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For the competitive finu, the profit maxijuiising level of the jl^^^ 

^RBregate skiJ.l index is found by equating the real rental rate per unit 

of the j*^'^ skill index to the value of the jth skill index's marginal 

product. I)enotiu[i S'^j ac this optiramn, workers will be added until their 

combined aggregate skill index is equal to S^^^j • Each worker is paid a 

wage proportional to his contribution to S^'^j, However, firms would be 

indifferent as to the exact number of workers it employed to obtain its 

^CC^^u^te skill requirer.iont; a finu employing 100 workers v/ould be as 

profitable as one using 10. But this arguiuent assuiues transactions costs 

to be either negligible or unrelated to the number of workers ♦ If, for 

example, there existed a specific training cost necessarily expended on 

each person, firms would attempt to economize on their physical labor 

inputs* The indeterminacy of the physical labor requirement stems from 

the fact that numbers do not indcpp.nclenlly p.nti-^r Into th^ prorbiotion 

function and, thus, do not affect marginal skill products for constant 
6 

skill inputs. 

Nov7, suppose that cri^.ployers have no a priori estimates of human 
capital vectors. Instead, let the j^^^ skill index be distributed over 
the population with n:jan and variance cr^., both of which are known 
w5.th certainty by the fina. Each firm is seen as dra\d-ng a random 
sample from the total population for each occupation with Sj being the 
obtained sample skill mean for the j^h occupation. The first two 
moments of the sample, mean are |Xj (the population mean) and ^^j/^j 



6 

One could, of course, separately enter physical units (warm bodies) 
into the production funccion. 
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vhcre L . is the size of the sample drawn (the nurubor of workert; employed) • 
The firm receives S. ^ s.L, units of the j^^^ aggregate sikill index 

J J y 

vhich is itself distributed with mean « uL. and variance o^^L.. 
Upon c^:panding equation (1) around thepoint (S^, Sy, K) and 

taking a second order approximation, we obtain 

(A) Y = F(S,, So, ... S^, K) + E (7. - y.) L 



where all partial derivatives are evaluated at (S^, ••• S^, K), 

Since E(Sj jij) ^ 0 and E(Sj M-j)'^ - ^^J^^> assuming that 

sampling is independent over the v occupations, expected output is 



(5) Y = F(S^, S^, K) + a^L^ Fg^^. 



« F(S,, S', S^, K) -^rhr. R. S Fg 

^(S]^, S2, Sy, Rj^, R2, .., Ry, K) 

where = cr^^/ix, = the variance-mean ratio for the j^^^ occupation, 
and 

Fgjij^ = evaluated at (Sj_, ?2» •••» Sy, IC) 

Thus, expected output is that level of output obtained with certainty 
If labor V7ere homogeneous plus a variance correction. 
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The basic predictions of the uiodcl can be illustrated 




with a single aggregate skill input. Equation (5) reduces to 



(6) Y ^ F(S, K) + k RSF— 



« KS t R, K) 



where S = 



{i = the population mean skill index, and 



R « a^/\i. 



The variance-^mean ratio can be interpreted as a measure of risk or un- 
certainty attached to the labor input in the following sense. If 
individuals pos.^ossed identical skill vectors so that c"^ = 0, the profit 
maximizing level of aggregate skill could be obtained without error. 
For example; denoting S*-^ as the optimal skill input and \i as the number 
of skill units embodied in each individual, L^*> « S^/[i would be the 
optimal laboi input. This case is exactly analogous to that under 
perfect information since [i is kno^-m although the labor input is now 
determinate v;ithout resorting to the existence of transactions costs • 
However, if human capital vectors differ, > 0, the firm can never be 
•as^sured of obtaining S^* regardless of the number of workers it decides 
to sample. The ^{uestion is whether the firm will alter its employment 
decision in response to the introduction of uncertainty, i,e,, skill 
variance. 

The first effect attributable to the introduction of risk is a 
reduction In expected output at the original equilibrium input levels. 
Thic can be demonstrated by differentiating equation (6) with respect 
to skill variance (mean constant; , This yields 




80^ 



1 
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(8) - h S F~- uhich must be; negative uudcr the con- 

cavity assumption. Firms, therefore, will be risk averse, always 
preferring to sample from a population characterized by lov;er variance. 

The equilibrium conditions for the profit ma^ziraizing competitive 
firm are: 



(10) Pl=X^^ 

(11) Pj, = X(f.jr 



(12) X = = MC 



where is the wage rate, P^^ the real rental per unit of capital, and 
P.^, the product price. 

Totally differentiating equations (9), (10), and (11) with respect 
to skill variance, allowing inputs to vary but maintaining a constant 
mean s: ill index and writing in matrix form, yields 



0 













*Kic/ 



CO' 

-Ah, 
da2 



/- 



dY 



6 



1^ ^^'^ is obtained from equation (6). 



Jn other words if fuccd ;/itli ns fair gaiablc of receiving S + e or 
S - e aacli with probability h or of receiving S with certainty the 
tim would select the latter since 4.(S, R, K) < 4.(*S, K). 
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Solving fur Llie three uukufn«ms yields AlfJll^^f^t ^ 

(13) -f^., = [ (-g, - *a?) - *La2 " % ] /A 

(1^) = I ( IJZ' - 4^0^) Al ^LL - *Ka2 Aj^^ ] /A 

(15) f ~ « I ^ - *a2) Aj^ _ i>i^^Z - *Ka2 Aj^k ^ /A 

where A is the determinant of the left hand square matrix and the sub- 
scripted A^G are the relevant cof actors* (Subscripted s are partial 
derivatives) • 

We have sho^^m the first effect to be a reduction in expected out- 
put at the orii:inal input levels. The second effect entails a movemonL 
away from the previously optimal factor ratio at the new lower level of 
expected output. This pure substitution effect can be isolated by setting 

i'o^ utjual to zero in. (14) aiid (lii) , i.e., ^2 ~ ^* 

The percentage changes in the two inputs are 

vherc a^y^ is the elasticity of substitution of labor (evaluated at \i) 

and capital, is labor's share in total cost and a^; is capital's 

10 

share in total co3t# The percentage change in the labors-capital ratio 



0 < < « 
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is therefore 

Tlie diroction of the pure substitution effect is seen to depend upon 
the relative effect of variance on the marginal expected products of 
the two inputs. Since 



(17) 



and 



(18) 



^ SSK 



upon expanding equation (16) we fird that the subsLitution effect is 
related to chird partial derivatives. 

The signs of F--- anJ F-— indicate the rate at which the marginal 
product of skill declines v/lth increased usage of labor and capital, 
respectively. Hence, if V--^ > 0, an increase in the quantity of 
capital retards the rate of decline in labor's marginal product (and 
raises its ovm marginal expected product) while a negative value for 
^'ssK ^"^Pli^s an acceleration in the rate of decline of labor's mar- 
ginal product (and a reduction in its o\m. marginal expected product). 

A similar interpretation can be given to F . 

SSS 

Therefore, depending upon the form chosen for the production 
function, the substitution effect may be either to increase or decrease 
the cnployment of the risky input. From equation (17) we see that if 
^^SSS "* ^SS' ^^^^ marginal expected product of labor may actually be 

-14- 
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enhanced with the introduction of uacertanity. Stated differently, it 
Is possible for an. increase in the labor input to reduce the negative 
impact of variance on expected output if the rate of decline of labor's 
marginal product is sufficiently slow, i.e., if F---- is sufficiently 
positive. Revjriting equation (6) as 

(6') Y = F(S, K) +k — F-- 

L SS 

an increase in variance raises a^/L v/hich, since F— < 0, reduces 

SS 

expected output. Although increasing L does lower effective variance 
((y2/L),it may also have a deleterious effect on F-- even if F--- is 

positive. It is the combination of these tv;o effects v;hich dictate 
the sign of ^^^2* Siiuply stated, the sign of the pure substitution 
effect is determined by the relative effect of the two inputs in re- 
ducing the impact of variance on expected output. Thus, although 
uncertainty originates with the labor input, it nay, nevertheless, be 
more efficient at reducing the variance effect on output than the 
capital input. 

For example, in a quadratic production function, all third 
derivatives vanisli so that the sign of the pure substitution effect 
must be negative, i.e., less of the uncertain factor is utilized. 

BEST COPY AVAIUIBLE 
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Inplying a positive sub;;l:it:ution efCact. 

Figure 1 illustraiics the case, of a negative pure substitution 
effect where A corresponds to the position prior to the introduction of 
an uncertain factor and B corresponds to the nev; equilibrium established 
at the lower level of c::pocted output, Y^, after uncertainty is intro- 

4 

duced. There arc, however, two further effects. First, there is a 
direct production effect corr<^sponding to a northward moveraont along 
the new expaar.ion path in order to restore output to its previous level, 
Yq. Secnnd, there is an induced production effect in response to a 
chnuge in marginal expected cost after regaining the original output 
level. In figure 1, the direct effect is shown as a movement from B 
to C and the induced effect from C to D. 



, a2 < 1 



SS 



AajL (a-j^ - 1) 8*^1 -2 k"2 < 0 



p « 

SSS 



Aai (^i - 1) (a, - 2) 3«l-3 K^^ > 0 



SSK 



A aic{2 (ai-1) s^i^ 



Kc^~ 1 < 0 




A ai (cti-l)2 Sai-2 > 0 

2 



Ka2 



S3 



^ a^a^ (a^-l) S^*l~l < 0 
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Figure 1 • The Effect of Skill Variance on Factor Demand 




K 

Both the direct and Induced effects are movements along the same ex*^ 
pansion path and are in opposite directions. Marginal expected cost 
must increase with the introduction of uncerLuinty, i.e., MC must be 
large JL at C than at A with = 0. The new equilibrium level of output 
must, therefore, be lower than ±a the certainty case. The question is 
which of the tv70 effects, the direct or the induced, will outweigh the 



other. The net scale effect is obtained by setting ^i— - 4 2 0 in 

equation (13). 
This yields 



(130 ^ 
da2 



EPt 



+ ^K»^ EX J 



where T^h^ and are the elasticities of marginal cost with respect 

to the factor prices of labor and capital respectively. The percentage 
change in marginal cost is a weighted sum of percentage changes in the 
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marginal products. I;^ hotli factors arc normal WL. IL. > 0, the sign 



of the net scale effect depends solely on r.iarcinal expected factor 
product changes as lu the case of the pure substitution effect. 
Figure 1 illustrates a positive net scale effect, i.e., a further 
reduction in the expected output from Yj^ to Y^. 



12 



For the competitive firm the scale effects are shown in the following 
figure. Labelled points correspond exactly to those in Figure 1. Giv;::n 
product price, P , output is at Y^ prior to the Introduction of an- 
ccrtainty. With^the introduction of skill variance marginal expected 




coat rises. There are three possibilities for the net scale effect^. If 
the initial impact of uncertainty is to reduce expected output to Yj^, the 
net scrle effect is zero; the direct production effect is a movement from 
B to C and the induced effect from C back to B. If expected output 
initially falls only to Y^' the direct production effect is outweighed 
by the induced effect and the net scale effect is positive; output falls 
further to Y^^. Likewise 13" illustrates a negative net scale effect. 

For a monopolist, the substitution effects given by equation (16) are 
identical. Tlie direction of the net scale effect, however, does not 
directly depend upon the sign of equation (13') but on the elasticity of 
marginal revenue with respect to output. For movements betv/oen B and C 
(those to the left of B must entail a larger output than that o.Stalned 
after the initial output reduction) , the net scale effect will I ■ posi- 
tive, zero, or negative, i.e., output will be lower, the same, or 
greater than the initial cliange as the m.ignltuue of ^J.k given in 

equation (13') is larger, the same, or smaller than the percentage 
change in marginal revenue due to the initial output reduction. 
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Extend iuj; the ;.>,odol to v atpchastic inputs (cc.e equation (4)) yields 
the followiufi equations for the pure substitution and net scale effects, 
(Seo Appendix A for derivation), 

where = the i^^^ inputs share in total cost, 

^ij "^^'^ Alleu-Uijava partial elasticity of substitution between 
the i^l^ and j^^ inputs evaluated at their respective mean skill levels, 

The pure .substitution effect due to an increase in variance 

associated with the j^h i^bor input is, therefore, a weighted sum of 

perccnta<:,e chances in marginal expected factor products, v/herc the 

weights are products of factor cost shares and partial elasticities of 

substitution. If we can inturproL third partial derivatives as third 

order r-ibstitution term.q then equation (20) contains both second and 

third order substitution effects. In this interpretation a positive 

Birn for F Jndiccitcs that the ith and j^^^^ inputs arc. complementary 

SjSjSi 

while a negative sign implies competitiveness. The JI,^^^ terra in 

^19- 
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equation (19) will be negative if the introduction of v, rianco either 
reduces the marcinal expected product of the Z^'^ input and the Jlt^^ input 
is substitute for the ith input (a^^ > 0) or the ilth input's marginal 
expected product is enhanced and the ilth input is complementary to the 

^^ii ^ ^^^^^ ^^^^^ a necative term results in increased usage 

of the £,th factor) . The marginal expected product of the ilth input 
will decline if F- - - < 0, i,e., if the and jth inputs are sub- 

* J J * 

stitutes in the third oider sense, and will rise if they are complements. 
A positive l^^^ term ,and thus a negative effect on Li) will occur if 
either thn Ath inp^ut's marginal expected product is reduced and a - < 0 
or it is increased and a^^> 0. The net result will depend upon the 
cost shares attached to each factor. 

For the quadratic production function, all third order substitution 
terms arc zero; the pure substitution effect reduces to 

(22) 1 d^i . « -JLj^ « rr . 

Sin/.c (fLjCrj « Fy^^-. is negative, the sign of (22) is dictated by the 
sign of a^^. If the inputs are substitutes, a^^> 0, will be reduced. 
Notice that since a^j < 0, the firm will always substitute away from 
the rJs!<y input (and Its complements). Moreover, the net scale effect 
must be positive, i.e., the induced effect must outweigh the direct 
production effect. This will impart a further reduction in L 's 

•I 

employment. 

Consider a linear homogeneous production function. From Euler 



Thus, 
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Dii;£crcnl::laLini: again with rcripcct to Sj yields 

\ Ji-jj ^ ^ -f . .+ "S. F- 7 - + . . . + ? F- ~ - + F- - + . . . 

+ SvFs^Sj5j +KFkSj?Jj =0.. 
But, . ^.,LjF.-^.^ ;lc^J 



Therefore, 

V 



vhlch Implies that 

£ ai, ■ +CCK ^Ka1 

Hence for a linear homogeneous production function, the net scale effect 
13 

Is zero. The substitution effect is, hov;ever^ indeterminate. 

Although the results of the previous analysis are somewhat ambi- 
guous as to the effect of introducing a risky input on the emplojonent of 
factors, the iirportant point to note is that firms are def initionally 
risk averse; quality uncertainty, regardless of source, must lead to a 
reduction in expected output. The following extension makes use of 
this fact to show how the firm is able to reduce uncertainty through 
the use of screening devices. 



13 

For a linear homogeneous production function EX « oj^» 
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In the analysis tliat.follows factors that influence the size of the 
screening return are identified. It is deiaonstrated that firms will 
pay a premium to those workers whoso skill vectors are known with 
greater preclnion based upon group identification. In general, pre- 
ference for v/orkors within a given group will depend upon the group's 
mean skill index and its variance-mean ratio. Although the analysis 
ia conducted with respect to education, other screening devices such 
as race or sex are equally applicable. 

Suppose there are to be only tv.'o education classes denoted as E., 

tl 

whcie Kj.>Ejj. The corresponding parameters of the skill distributions 
associated 'vith these classes are assumed to be a^) and (jijj, 0^^) • 

Awareness by the firm of this skill differentiating function of education 
would enable it to sample independently from within each schooling class. 
The firm's obtained aggregate skill would be S = 8*^^ Ljj + s"^ with 
expectations S = li^L^ ^• n^^L^^ and variance o^^^^ + c^-^T^^ where L^^ 
and 1j are the number of individuals sampled from each group. 

The production function of equation (6) can now be written as 

(23) 7 - H^^hLh + ^tLc T"!^^' - . 



C"C 



where y^L^^ + (i^L « S and I ^Lh. 4- a§Lc „ ^^^^^ ^^^^ 



14 
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under the assumption of sampling independence. 



wltli a fixed atock of capital, the ma) i^inal rate of substitution 
betvccia L^^ and is given by 

(24) - ^ Jt}L. r .Jj^JI^^R + H]l.^Jl^ ] 

where Ry^ « ^u/t^C ^C^^C 

First, suppose that individuals within schooling classes are homo-- 
geneous with respect to their skill indexes. Given that " 0, 

educacion is an exact predictor of productivity, i»e., a "perfect" 
screening device. The employment of education as a screening device 
completely eradicates the uncertainty previously associated with the 
labor input • Since % " " 0 equation (24) reduces to 

(25) =JiiL 
dLu \^ C 

The marginal rate of substitution is, therefore, independent of the 
ratio of workers sampled from the two classes. Workers bubst^.tute 
perfectly for one another* at the rate given by the ratio of their 
wean skill indexes, ^^/[Iq • Diagraraatically, Isoquants relating 
to Ljj can be represented as straight lines with slope ^^jC. Figure 2 
illustrates the case where {xc > where the more educated arc 

also tho more productive (a fewer number of them are needed to obtain 
a given level of expected output). Clearly, if the firm did not make 
use of this information it would not, other than under exceptional 
conditions, attain a profit maximizing position. 
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Figure 2 . Factor Demand with Ferf cct Substitution Between Schooling 

Classes 




With no screening, all individuals would be employed at Identical wage 
rates regardless of educational attainment since the firm merely 
sariiploa from the cntir<? poptilation (from which worl-.ero are indistin- 
guishable). This situation is characterized by a total cost line (AC) 
having unit slope. In order for a firm to maximize its profits j its 
labor force v;ould have to be composed solely of workers. Assuming 
tliat educational attainment can be discerned at zero cost, the firm 
vlll always be in a better expected position when individuals are 
screened as long as the E^^ set is non-empty. Any single firm can 
expect to earn excess profits from screening. To show this gain, let 
L be the optimal labor input determined from the initial analysis. 
Since AC has unit slope, it can be considered as the locus of points 
for which the total labor input is equal to L, i.e., satisfying the 
constraint L^j + ■ L. Any point on this line represents the pro- 
portion of E^ to workers obtained from sampling the entire 
population. Therefore, for the - Ljj ratio glsren by D the gain due 



to screening (the loss from ignoring cdui tion's screening potential) 

Is equal to the difference in revenue associated with the isoquants AB 

15 

and EF» total cost being unchanged along AC. 

There are several reasons why education may fail to be a perfect 

screening device. First, if individuals differ in some nonproductive 

attributcsi e.g.i race, sex, family background, etc., which are 8ome<» 

how related to educational attainment but not themselves perfectly 

correlated with productivity, one would encounter some highly productive 

Individuals in a low education class and vice-versa. Second, if there 

are more skill classes than there are schooling classes, at least one 

class must contain heterogeneous individuals. For either of those 

• 16, 17 

reasons non-^zero variances are expected to occur. 

From equation (24) we see that when education is an imperfect 
ccrccning device, vorhcrG frou and ara no louirer perfect 
substitutes . A necessary condition for the isoquants to be convex is 



15_ 

L will not usually be invariant to the use of the information. Scale 
effects are thus Ignored, but the analysis is perfectly general for all 
Input scales. The potential gain from screening is thus larger than 
determined above. 

16 

A third reason is, of course, that cducption is differentially 
productivity enhancing so that individuals are not equally affected 
by the schooling process. 

17 

See the more general discussion of this point in Chapter III and in 
Spence CL6 )• <»^*^ 
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that hjhor'ji iiKirj'liuil oxpacLecl product be cvcryv^liore dcclinini;, i.e., 
18 

<> 5 5 < 0« mirglnal rate of substitution ir. strictly cffhcr 

groat. or tlmn, equal to, or Icsh than unity for »ill labor ratios. For 
cxaraplo, \.'ith = the WIS will ho greater than one throu};hout if 

\ ^^^^^ to one if = and less than one if < R^^. 

Thus, as in the. perfect screcniuii model, with equal wa^e rate??, profit 
maxiraifsr.tlon would entail the eraploymant of individuals from a single 
sclioolini; class. 

Praf(ircncc for the more educated will be maintained only if 

(26) afj ~ (jg > C ) (lie - WI ). 

Since <i ~ > 0 ; u\ 6 < 0, individuals with more schooling will be 
preferred only if ( a^^ - o^^ ) is lct:s than some positive number times 
the diffcrwHCc in MLaun ^ " ) » ■^'^ necessary fot [i^ to be 

greater than |i and less than to obtain strict preference. 

U C H 



18 

The nccccsary and sufficient condition for convexity is 
SS ({>R SSS 

. _ • 

Therefore, the assumption that F — > 0 underlies the statement in 

SSS 

the text. 
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E v;orl;ers will be strictly preferred if and only if 

c 

< 1 v;hich reduces to r-quation (26) above. 

"Ml 
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Figure 3 illustrates the firm's craployriont decision when inequality (25) 
Is assumed to hold. Analogous to Figure 2, A'B' is a representative 
Isoquaiit and A'C' is the isocost line (with unit slope). A corner 
solution is once again obtained (at A'). 



Figure 3. Factor Demand with Imperfect Substitution Between Schooling 

Classes 




Clearly, the gain from utilizing the screen is a function of the 
degree to which skill parameters of the groups diverge. For any given 
labor input, L, the return to employing an additional E worker (thus 



one fewer E„ worker) is given by 
11 



(27) -fx. » (Ug - tijp + t^MllL (R -p). 
dLc I L S ^ ^ , 
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dV I _ 
^ L 



ri^ ^Lc ^Lii ^Lc 

Substituting ^ . -1, -fiClillHi (r^-Rh) and _SR- imkC (r^-r^,) 
dLc ^Lc ^LJI 
Equation (27) is obtained. 
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The marginal return to an extra worker belonging to the higher school- 

21 

Ing class is, thus a ponicivo function of [x^'\i^^ and R^-R^. Further- 
more, assuming convexity, the revenue increment increases at a declining 

22 

rate with further substitution toward the more favored group. 

Competitive bidding for the more educated will cause W to rise 
23 C 
relative to Wjj. For example, in Figure 3, the new isocost line W 

reflects the increased relative demand for workers. As shown, a new 
equilibrium position is established at D where workers from both edu- 
cation classes are employed by the firm. Notice that vhen R -P^, 
(Lq and are perfect substitutes), an adjustment in relative wages 
to be equal to the ratio of mean skills will result in an indeterminate 
factor ratio. The firm would be lndiff<?rent as to the actual composition 
of its labor input once workers have been idoutified according to their 
educational attainment;. Xn general, an explicit labor ratio will 
correspond to each set of relative wage rates. 



21 

Note that the product |iQjXjj ia being held constant. 



22 



d!| j_= (nc-wi) f^2nc(iuMRc-.Rii)«R^^(nc-fXH)l/s'» 



But, S,fRs"^ V''''^^%Ss""^'^'5^ • Hence, with *g^O,Fgg<0, 
and Fi:gg>0 the result follows since Rc<Rii. 

23 

They may both rise if the introduction of uncertainty increases the 
overall demand for the labor inputs. 
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Consider an extension oi tha model to two job categories within 
the firm as represented in equation (1) with v ■ 2. Suppose that 
individuals are homogeneous with respect to their skill indexes in one 
of the occupations, 0^^, so that education serves no screening function 
with respect to it. At equal wages, firms would be indifferent as to 
education class to which an individual belongs when hiring for that 
occupation. On the other hand, suppose that the more educated are 
preferred for occupation two, O^i on the basis of both skill distri- 
bution parameters. Since firms cannot distinguish among individuals 
within education classes, the wage paid to eacn type of worker must be 
the same for each occupation; for, if the wage paid to Eq workers was 
greater in 0^ than in 0^, the supply of to O2 would increase and 
that to 0^ decrease, thus destroying the initial wage advantage. As in 
the single occupation model, we can expect ^^^/y^ to rise due to the 
Increased aggregate demand for E workers. Figure 4 illustrates the 
effect of screening upon the employment decision within the two 
occupations. In O2 an equilibrium is established at A where individuals 
from both education classes are hired while in 0^^ the equilibrium 
occ rs at B where only the less educated are employed. 
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Figure 4. Two-Occupation Case: Perfect Substitution 





As a second application, suppose that workers are strictly 
preferred to v;grl;crs in Loth occupaLlonc but that the sciecaing 
return is greater in 0^^ than in O^, i.e., 



. d Y 



zr > 



dY 



— due to 
If, for 



larger differences in skill parameters in 0^ tfian in O2 
example, o^q^ > a^c^ » all other parameters and technical considerations 

the same, isoquants corresponding to Oj^ will be less steep than those 

of 0^. Thus, for any given set of relative wages, the proportion of 

L workers employed in 0, will be greater than that in 0 . Stated 
c 1 , 2 



24 

. Note that this could be due to technical considerations such as the 
Impact of occupation-specific skill variance on expected output dif- 
fering across occupations. 



differently, L^, workers h^vc an absolute advantage in both occupations 

but a comparative advantacc in 0, and, therefore, 0. will be more L 

1 1 C 

intensive than 0^. Fiiiurc 5 illuGtruics this sKuation. 
Figure 5 . Tvo-Oi:cu,^ation Case: Imperfect Substitution 




Clearly, it ^dll be advantageous for firms to utilize all zero 

cost screening devices as long as segmentation elicits inter-group 

skill parameter differences wnich lead to a positive screening return. 

From equation (27), we see that the size of the screening return is 

not only a function of the slclll parameters but is also related to the 

marginal expected skill product ( ^- ) as well as the Impact of skill 

S 

variance on expected output ( )• The extent of the return is not 
necessarily uniform over occupations, and, thus, education distributions 
nay be vrtdely divergent, i^ctcnsions to other negligible cost devices 
Is obvious and leads to similar results. Thus, for certain occupations. 
Individuals may be required to possess a specific set of characteristics. 



e.g», B.A» and 5 years experience, v;hilc for other occupations the set 
may be less ref;trictivc, e.Q.f H»S* and no experience required. How- 
ever, even vithla a narrov7ly defined vector of desireable characteristics 
substantial productivity differences my exist* If all zero or near 
zero cost scrccnlaig devices have been e^;haustcd, the firm faces the 
decision of erap]oylng any individual vhose qualifications meet the 
desired specifications or of incurring some additional cost in attempting 
to more exactly predict individual productivity levels. 

Suppose, for example, the firm administers a test to each prospec- 
tivc employee at a constant cost per candidate, h. The efficacy of 
such a device hinges upon its ability to predict an individual's skill 
index. For simplicity, assume that the device can segregate the 
population into two groups with skill parameters \i^^a^^ and 
\;hcro tha t' G^-^'-*P preferred on the basis of thcr.e parameters. The 
tept would act as a perfect screen if it divided the population into 
groups with zero varionces; if no two individ als were exactly alike 
with regard to their occupational skill index, perfect predictability 
would require thr* discernmont of each person •s skill indext 

Following our prior analysis, for any given number of workers, the 
marginal expected return from an additional preferred worker is given 
by • . ' 

^^^^ ^ - *-(ytt-)it ) + - Rt) 

s . 

which, under suitable assumptions, has been shown to be a declining 
function of Lj.t, the number of preferred workers employed. Let p^i be 
the proportion of Lj.f workers in the population, i.e., of those already 
ecreened on the basis of low cost devices Pj.t of them will perform well 



on the test and poorly • It follows i then> that in order for the 

firm to obtain L preferred workers i it vould have to sample i on average > 

a population of size L / . Tlie marginal expected cost of locating an 

Pt' 

additional preferred worker is given by h/p^t since the firm must sample 
1/p^t workers to find one more t^ worker. Therefore^ the larger the 
number of more productive individuals in the already restricted popu- 
lation |. the smaller the cost of finding an additional t^ worker because 
fewer will have to be sampled (un average) • 

Figure 6 depicts several equilibrium positions with respect to 
this type of screening device* The relevant portion of the marginal 
expected revenue curve is that lying to the right of the vertical line 
I^Pt LPt which represents the expected number of preferred workers 
obtaijied simply from sampling L workers* Three marginal expected 
cost curves are shovT* \A\evii hj^ > h2 > At MEC^^ it will not pay th^ 
firm to administer the test; simply srmpling L workers will have a 
higher expected net return. At MEC3 the firm will test ^^p^^ Indivi- 
duals, and I on average, the firm*s total labor force will consist solely 
of the more skilled. An intermediate result is obtain for MEC2 where 
L individuals are screened by their performance on the test and L - L^t 
workers (the rest of the firm^s labor input) are obtained from sampling 
and no testing. * 
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Figure 6 • Non-Zero Cost Screening Devices 
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One might expect that as the proportion of the more productive 
workers (p^.*) increases, holding constant the group skill parameters 
elicited through testing, i.e., the more efficient are previous devices, 
the less likely is the firm to employ the test. However, as p^.* rises 
there are two effects. First, the MEC falls since the firm expects to 
obtain a given number of preferred workers with a sinaller sample. Second, 
the expected number of preferred workers (obtained from sampling) in- 
creases for any fixed labor inpuc, shifting Lp^, Lp^, to the right. The 
net effect depends upon the elasticity of the MER curve with respect to 
L^t. The more elastic it is, the more likely is the firm to use the 



25 

teet. at biaUc.r levels of p^'. ' But the efficiency of previous screening 
devices also affect the usefulness of further testing. Clearly, it in- 
fluences the skill paramol:ors of the restricted population from which 
the firm would sample and, thus, the expected return from testing. In 
the extreme case, if schooling was itself a perfect screen, the po- 
tential efficiency of any costly screen would be irrevalent; the MER 
from utilizing the device would be zero as no further segmentation is 
possible. In general, each new device would have to sort more finely 
than the previous one in order for its MER to be positive. Notice that 
for education the MEC curve lies along the horizontal axis. 

Thus, ,the factors which, in combination, influence the extent to 
which non-zero cost devices are utilized are their cost of development 
and administration, their ability to discriminate productivity types, 
. the level of screening efficiency associated with previously applied zero 
cost devices, the effect of skill variance on expected output (the output 
cost of uncertainty, ^j^) , and the marginal product of skill, 4,-. Since 

s 

the importance of each probably varies across job categories (occupativns 
as previously defined), one would expect to observe systematic occupation- 
specific differences in their overall screening intensities. 

We have, so far, discussed only one type of uncertainty, namely. 
Individual variation in productivity about some population average 
vhere both the mean and variance are known with certainty by the firm. 



25 

If, for example, p^-t doubles, MEC is halved and Lp. 1 Lp^f is doubled. 
The proportion of individuals tested will increase, decrease, or remain 
the same as the elasticity of the MER curve is greater than, less than, 
or equal to unity. 
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Morcovt'r, distribution paraiuutcrs have also been asHumed knovm for all 
subgroups of the population. In this world, all firms are equally 
efficient at deterniln'nc optimal input levels given intcrgroup skill 
differences, and, altliough the firm may learn about its individual 
workers, it gains no new information about group parameters. A model 
of adaptive learning would certainly be appropriate but is not within 
the purview of the current paper. Instead, a much simpler modification 
is pursued. 

Assume that firms are, in actuality, unaware as to the true para- 
meters of the skill distribution but maintain a subjective belief about 

then. Specifically, let denote the degree of uncertainty attached 

26, 27 

to the true mean of the population. Call this type II variance 

as opposed to a^, type I variance. Since firms may differ in their 
beliefs based upon prior experience (as long as isn't zero firms 
will usutilly differ as to the skill parameters of the workers they 
actually employ), factor ratios may not be the same for all firms. 
One could define "managerial skills" to be the ability of entrepreneurs 
to estimate true parametric values, and, given some dispersion in this 
ability, one would expect firms to differ in their allocativc efficiency. 



26 

subjectively distributed with mean |x and variance o^. 

27 

The case in which skill variance is also unknown ia much more 
complicated and is not dealth with here. 
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Expanding the model to Include this type of uncertainty we obtain 



A A A 28 

^ Aft 

Where Ks ■» a^/ji. and the other terms are as previously defined. Notice 
A J J 

2 

tliat 02 enters in a slightly different form than does . This is 
because uncertainty as to the value of |ij is independent of sample 
size (at least prior to employment) while the variance of the sample 
mean is not. However, the introduction of type II uncertainty leads 
to similar results with respect to its impact on the firm's employment 
decision. For example » 

which, since ^sjSj ^ ^' ^^S^'^^*^ ^"^» '^"s, the introduction of oj 
also leads to a reduction in expected output at the original input vector, 
Comparing equation (30) to equation (7-8) shows that the effect of a 
unit increase in ic larger than that for a unit incrcacc in . 
The reason is as follows: aggregate skill variance in the former case 

is a a? L? and a? L. for the latter. Thus, for a given sample size, 
J J J J 

expected output will be more adversely affected by an increase in 
type II variance. 



28 

All covarianccs are assumed to 
sampling efficiency is unrelated, 
group means (see Appendix A). 



be zoro in the derivation. Thus 
to uncertainty as to the level of 
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Now consider the one ekill input production model. The pure 

substitution effects for changes in and respectively are 

J J 



(31a) p 2 « -l- £L. . _1 dK „ i vuoi - IMl I , and 

L da?- K da2 



(31b) - ^ % - -1- - ^^LK 



L da^ K da2 Ijl <|'kJ 

But, - L[<^La■ + h F~] and <,j,^2 " ^♦ro^* '^^^ 
(32) Pjj2 , ^KlL^a _ <^.L(^K„2 



If P^2 < 0, then pj2 must be more ncr,ative. Thus, if the introduction 
of type I variance leads to substitution away from the risky input, the 
effect of type II variance will be reinforcing. However, if P 9 > 0, 

V7e cannot predict the sign of PJ2; the labor input may be less effi- 
cient at reducing the effect of type I variance yet more efficient with 

respect to type II variance. Similarly, the ratio of the net scale effect 
is 

(33) Na2 « -f* A ;^ TIT + Mist ^-T^/^ . 

EPl EPk 
Thus, if N^2 > 0 so is V^z while if N 2 < 0, no production about N 2 
Is possible. These results carry over exactly to the v input model. 

To continue, suppose once again there to be only two education 
classes, Ejj and E^. Now, hcwver, there are three parameters associated 
with each group* s skill distribtiMon oj, ) and (ji^, ^o^) 

respectively. With v « 1 equation (29) becomes 
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(34) Y^M,„Lh^^c^c> '^'^^''^'^ 



assuming uncertainty as between groups to be un correlated. 
With K fixed, 



29 



(35) 



die 

dLy 







2|iiiLH 






2R«^ + Rc V 


s 


C R 



vhlchi analogous to equation (23) i Is the marginal rate of substitution 
between vorlceiF from tin two education classes. 

Following our previous logic, the marginal return to the replace- 
ment of a less-educated for a morc-educated worker is given by 



(36) 



dY 



At equal wages (W««W„) , there will be a "positive screening rfeturn when 



dY 



dL 



L > 0. With the inclusion of type II variance, we do not always 
obtain strict preference for workers even given ^ \^ \ 
and Rg < the sign of equation (36) explicitly depends upon the 
L^-Ljj ratio. To illustrate', suppose that \Iq * Jijj, - a^. 



29 

This is probably the most severe of the covarlance assumptions since 
one might expect, abstracting as we are from prior experiences, firms 
which are more uncertrin about one group to be more uncertain about 
all groups. 
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A A 

and « / 0. The screeninc return will still be positive for all 
values of and Ljj for vhich Lq < L^, and, thus, in equilibrium firms 
will employ an identical number of workers from each group. However, no 
preference ordering Is established, screening being pursued only to 
minimiae the firm's aggregate level of uncertainty. 

One can see that the impact of type II variance on factor inten- 
sities is not completely symmetric with that of type I variance. Type I 
aggregate variance (a^L) is equal to a^L^ + af^L^^ while type II agr.regate 
variance (a^L^) is ag Lg + a^j L^^, so that, to take an extreme example, 
if « a^j, a^L » a^- (L^ + L^), which for a fixed labor input is 
unaffected by its composition v/hile if " = a^, - (L^ + lJ) 

which is minlialzed only at Lc = Ly. 

In get ^;ral , the inclusion of does not change our previous 
results, serving only to mitigate or ameliorate the effect of on 
the demand for the more educated. The extension to more than a single 
occupation also parallels the previous analysis. (See Appendix A), 

In summary, there are three components of the private return to 
education. The first is attributable to differences in group mean skill 
levels which may or may not bear any other than an associative relation- 
ship to the educationdl process. From the point of view of the return 
Itself, it is irrelevant as to the exact productive attvibi'.tes enhanced 
by schooling, be they affective or cognitive, or even whether an indi- 
vidual's stock of human capital is actually altered by having passed 
through the educational system. As long as schooling groups differ 
as to their average level of productivity and information about indi- 
viduals is imperfect, the demand for labor will be based upon group 
identification. The second component is a function of skill variances 
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about the croup Lioans, tho dcmancl for labor of a given glass bcdng 
negatively associated with its varioncc-moan ratio. The third part of 
the return is related to the firmls uncortninty as to the true value of 
group means; specifically, there is a negative relationship between 
the demand for a given group's labor services and the ratio of this 
type of variance to the square of the group's mean level of skill. 
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CHAPTER III 

A CRITICAL REVIEW OF TIIE SCIIOOLIKG-SCREENING LITERATURE 

The purpose of this chapter in to present a survey of soma recent 
theoretical and empirical attempts to identify the underlying nature 
of the education- income relationship. The conventional view is that 
education i ahances earnings via the production of marketable skills, 
the productivity augmenting view^ But, the models presented in this 
chapter demonstrate that one need not assume greater productivity as 
the intermediary between schooling rnd earnings. Schooling's return 
nay be informationally based. In the polar view education serves only 
to identify those individuals who are the more productive, the propo- 
sition being that an individual's productivity is unaffected by the 
schooling experience. This can be referred to as the "pure" screening 
hypothesis. Briefly, the notion upon which the screening view is based 
is that there exists some endowed productive characteristic or vector 
of characteristics which being unobservable to the firm and unaltered 
by formal schooling are nevertheless proxied for by educational attain- 
ment. One can think of these characteristics as endowed skills or 

ability. Ability, when used in this sense, specifically refers to 

» 

those innate characteristicis of an individual which produce earnings 
and should not simply be thought of as native intelligence. Through a 
mechanism to be outlined shortly, schooling and ability turn out to be 
positively correlated, and it is this association which leads to a 
positive return. That educational institutions produce something is not 
at issue. The question is rather to what extent their output serves 
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to aucment productive skills as oppojjcd to being an informational device 
Vhich seamentfi the population into classes differing in their (average) 
ability ciidovmcmLs. 

One can, I believe, raise serious doubts as to the validity of the 
screening-only view both on intuitive and theoretical grounds. That 
there is a nroductivity effect appears from casual observation to be 
obvious. Professional schooln clearly give job-specific training as 
do engineering and science-related undergraduate programs. Wiether 
general liberal arts programs and non-vocational high school curricula 
do also is more problematic. The real question is with respect to 
schooling's dorainant role, namely, the portion of its private return due 
to the direct acquisition of skills as opposed to factors which are, 
in a causal way, unrelated to educational success. 

The. modcOs to be presented support alu'.ost any nix - one cannot 
form an opinion as to the relative importance of screening based on 
theoretical considerations. The major point of these models is that 
they present an alternative esiplanation of observed private rates of 
return to schooling which may have significantly different implications 
for social policy. For example, in the screening models surveyed in 
this chapter, the absence of a productivity effect would Imply (ignoring 
Income distribational questions) a negligible social investment in 
schooling as the appropriate policy. However, as demonstrated in a later 



1 

It has rccrmt]y boon argued by Gintis ( 7) that schooling's major role 
is as a socialization device and, thus, produces marketable traits. 
But, this possibility is also denied in the b-.reening view. 



section of this chapter, the social return to ao.liooling may also in- 
clude an informational component. Although this role is not unrecog- 
nised in the literature, there are £ev/ formal statements concerning 

2 

the nature of this function. Empirical work in this area has been 
just as Ineffectual in distinguishing the separate effects. This is 
not only due to the usual data limitations but more fundamentally to 
a problem of ingenuity in the developraent of appropriate tests. Many 
of the difficulties associated with testing the screening hypotheses 
are discussed in the empirical chapter. 

One can also reject the extreme screening view on theoretical 
grounds. For, suppose a firm v;ere to hypothesisse that education was 
serving only an identification function. If the firm could predict 
which individuals in ihe population V70uld be successful in school, the 
firm could earn excess profits by attracting those individuals at a 
wage only slightly higher than their v/age net of educational costs 
(their alternative wage after having identified themselves) yet less 
than their marginal products. I would think that the development of 
ouch a device would not be so costly as to inhibit its use. The fact 
that schools themselves use testing procedures for this purpose 
strengthens the argument. If such an Information source were discovered , 
the usefulnesn of education as a screen would be destroyed, and. If this 



2 

Arrow does deal primarily with this aspect although in a different 
model than that proaentcd below. Stiglitz (17) mentions several 
sources of a social return to identification but does not incorporate 
them into his work. 
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were itr« only purpone, no invetstwenus iu education would l^-. undertaken. 

That this has not occurred appears to me to be a strong indictment jf 

the extreme view* 

One can more easily dismiss the naive screening view that firms 

merely believe there to be real productivity differences between iudi- 

vidaala of different educational attainments when in fact none exist, 

i.e., all individuals are similarly endov;ed. In this case there would 

be no incentive, if actual productivities can be discerned from job 

performance, for firms to continue to rev;ard newer cohorts of the more 

educated with higher wages. However, recent evidence suggests that 

private rates of return have been relatively stable or even possibly 

3 

incri-asing over time. Moreover, the existence of differential pro- 
ductivities is crucial to the more sophisticated screening models 
presented below. 

Screening models are a subset of a much broader literature dealing 
with ernnoiuic decision-making under uncertainty. The basis for this 
literature is the observation that many economic decisions are made 
with only imperfect information. Rothschild (1^), in a recent survey 
of the literature on the existence of pri. j variability In factor and 
commodity markets and the concomitant search procedures necessary to 
sustain such variations, persuasively ... gues that meaningful results 
can be obtained only by modelling the behavior of all market partici- 
pants In a way which does not assume naive adjustments by one set of 



3 

See Welch (23) for a discussion of this point anu ilso Grlllichcs (8) 
who contends thai the future trend will show a decline in the rate of 
return. 
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economic actors without recoBnirJng the reactions of others to the 
information Imparted hy those actions. It Will be useful to keep this 
remark in mind during the ensuing discussion • 

As outlined in the previous chapter, the type of uncertainty 
associated with job market screening is with respect to labor quality. 
Firms innst hire their workers from a population composed of individuals 
whose productive capabilities are unknown to the firm prior to the 
employment decision. The existence of transactions costs, specific 
training costs (the outcomes of which may depend upon initial ability), 
and time J.ags in the discernment of worker productivity from on-the- 
job perforniancu monitoring will act as an incentive for firms to 
utilize devices which sort individuals according to their abilities. 
But, there is a more important reason for the use of screens. Any 
single firrii can expect to gain a competitive advantage by identifying 
the move productive workers to th.-^ extent that the inforxaation gain is 
not appropriable by other firms. Any zero cost device (to the firm) 
will be employed as long as it discriminates, however imperfectly, 
betwco.n individuals. The arguruent is similar to the one previously 
made, namely, that if a competitive firm can costlessly determine who 
among the population are the more able, it will attempt to attract 
those individuals at a wage greater than their net alternative but less 
thm their marginal product. Tf the information is public in the sense 
that if it is available to a single firm it is available to every firm, 
the more productive individuals rather than the firm will appropriate 
the gain. Firms will utilize any zero cost device, but individuals 
will (if tha return is large enough) supply the informauion. See 
Stiglitz (17) for a fuller discussion of this point. 
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Tq UecJn, consider the juodcl duyelopad in the previous chapter. 
In it, the effect of labor quality uncertainty on a competitive firm's 
euiploymont decision is explored given the existence of a device 
(schoolinj;) which sorts individuals into groups of l^nown skill distri- 
butions. The production process is assumed to depend upon an acgregnte 
skill input for each of several job tasks performed within the firm. 
The production function is assumed to exhibit positive and declining 
marfiinal products in all areuwents. The firm is envisioned as drawing 
a random sample from the population (pre-screenJng) in order to obtain 
its optimal aggregate skill inputs, the decision variables being the 
number of workers to employ in each taak and the quantity of a non- 
stochastic Ci'i^ilJ^e.s) capital input. . Within an expected profit maxi- 
mizatioi; framev/ork, it is demonstrated that the firm pays a premium to 
those v.-orkcrn (v;ltb Fcreenlnc) v.'hoce schooling clasn has a highcir mean 
skill level and a lowc- variance-mean ratio. The private return to 
screening is, therefore, directly related to the efficiency with which 
individuals are sorted into productivity classes, it being a function 
of mean skill differences and the relative homogeneity of the groups. 
Several further results emerge: (1) The private return to schooling 
docs not depend upon a causal relationship between educational attain- 
ment and skill levels; (2) Even if mean skill differences were due to 
ski]? formation, the private return could be higher than that under 
perfect certainty if the sorting process created more homogeneous groups 
relative to their average at higher schooling levels; (3) An individual's 

4 

If there are more skill classes than ficliooling lovels imperfections 
in the sorting procesa must exist. There is, however, nothing inherent 
in the sorting tcclinology of the educational system which should lead 
to variance effects which favor the more schooled. 
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wage depends Icus upon bia o\m skill endowment than upon the skill 
levels of the individuals in the r.amc schooling class. Ignoring 
variance effects, the less efficient the screen, i.e., the more low 
productivity types found in higher schooling classes and vice-versa, 
the lov7cr the return to schooling; (A) Ignoring the distributional 
questions Inherent in (3), schooling's gross social product is not 
necessarily zero even if its only function is as a screening device* 
As already noted, e>:plicit presentations of this result are given in 
a later section. 

The major objection to this model is that it ignores the reaction 
of individuals to the use of education as a screen. The question as to 
how the positive schooling-skill relationship emerges, given that there 
may be a negligible productivity effect, is loft unanswered. In par- 
ticular, f?inco. it in advantageous for cny Iccc productive individual to 
acquire the same image as the more productive, namely, more schooling, 
why is it that education can persist as a screen? Both Spence (16) and 
Stiglitz (17) approach the , screening phenomenon from this perspective. 
That is, their models are couched in terms which take the employment 
decisions of the firm as given; firm size and factor intensities are 
not determined within the model. Analytically, their models are best 
viewad in the context of a Single aggregate firm although competitive 
assumptions must be maintained. The firm is viewed as hiring all 
individuals in the population with a given skill distribution; there is 
no sampling problem. Marginal products are constant; aggregate output 
is simply the sum of the outptits produced by each individual and is 
unaffected by the existence of skill variance. 
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Since tha two modclf? are qualitatively Esliuilar, to a large degree 
they will be inorced in the discussion. Both authors do explore sorae- 
v/hat diUforcut questions after initially developing their models, but 
the main concern here is with their formal statements. Wiere the 
models are sufficiently distinct, the specific author will be cited. 

Suppose there exists a uni-diraenaional characteristic, p, which 

is strictly proportional to productivity. The characteristic will be 

referred to as ability. An individual possessing units of ability 

Can produce in a given unit of time ^^/^ of what an individual of ^2 

units of ability can produce. With an appropriate choice of scale, p 

can be considered equivalent to productivity. Ability is randomly 

endowed (at least from the firm's perspective) with given frequencies. 

The production process is such that the firm cannot determine, except 

at proliibitive cost, any single individual's ability. Each individual 

Is assumed to. know his own marginal product v/ith certainty. Stiglitz 

envisions nn assembly line process where the firm can monitor aggregate 

performance but not individual contributions to output; the speed of 

the assembly line Is determined by the average value of p which for the 

single aggregate firm must be f e / pf (p) dp, x/herc f (P) la the frc- 

5 

quercy distribution of ability. In the multi-firm case, p Is tlie 



5 

Stiglitz notes that under alternative assumptions about the production 
process, as for example, in the case where low ability types reduce the 
speed of the line more than high ability types increase it, expected 
output will be a function of other ability parameters. In essence, 
this corrosponds to the model flcvclopcd in the previous chapter. It 
la not pursued by Stiglitz. 
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expected fipued of the line for any Bin[j]e finu so that with risk 
neutrality each worker is offered a wage of p if no prior information 
exists with respect to abilities • Since marginal products are constant, 
expected output is unaffected by the existence of ability dispersion* 

Drawing on Stiglitjs, suppose there exists a device which can 
potentially identify abilities perfectly but which must be purchased at 
a cost, C, which is Independent of ability* Further, assume that once 
the label is bought the information is readily available to all finns 
80 that no single firm will bear the cost of screening. For convenience, 
ppoae there are only two tj'pes of workers with Pj. P2 ^^^^^ 
ability respectively where Pj > P2. Since the less productive indi- 
viduals do not wish to be identified (as such) they will never purchase 
the screen at any positive cost since it will only certify to others 
something they already loiow and have a motive for keeping secret* If 
the more productive purchase the screen, their net income is Pj -C* 
Now, a full screening equilibrium is possible as long as Pi^C > P2# 
l»e*, net income after paying for the screen exceeds the level of 
Ijicome obtained by abstaining from its purchase (in which case they are 
taken to be P2)* A no screening equilibrium is also possible if 
Pj-C < p since, if at any moment the device is not being used, each 
more productive person sees hi^mself as having higher earnings if he 
remains indistiiiguishable. Thus, if 

(1) Pj - p2 > c > - F , 
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6 

at least two equilibria aj:o ppasihle. Notice tliat i£ a full screening 
equilibritun occurs, every individual ia worse off than if the information 
was unavailable even though each individual is rationally inaxiiaizing 
Income piven the prevailing information. If C ia such that it does not 
satisfy the right-hand inequality, a full screening equilibrium must 
occur, and the more productive will be better off than without the 
screen. In either case, the full screening solution is socially un- 
desirable as compared to no-screening since aggregate output is lower by 
the total output cost of the screen. 

In this formulation, schooling can be an effective screen only to 

4 

the cjitcnt that the educational system itself performs a sorting 
function since each individual faces the same identification cost. For 
a full screening equilibrium to exist, there must be no possibility for 
less productive -pavccns to be confused \7it:h the more productive in the 
schooling-sorting process. The performance criteria employed for 
promotional purposes within the educational system must be perfectly 



6 

As with most models of uncertainty, the question of dynamic adjustments 
is crucial but extremely difficult. Consider, for example, the no 
screening equilibrium. Given quality dispersion in a multi-firm setting, 
one would expect there to be output variation among firms. W-'th the dis- 
cernment of actual productivities impossible, wage rates would adjust 
under competitive conditions to the average ability of the individuals 
assigned to the line. The maintenance of a no screening equilibrium 
would be contingent upon no individual being able to improve his 
position by obtaining the label. But, Individuals of equal ability now 
face different alternatives and, thus, have different incentives to in- 
vest in the screen. Tbo stability of this equilibrium, is at least 
questionable and depends upon, among other things, the form of contrac- 
tual obligations and the discernment of individual abilities. 
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correlated with mrket productivity* In other words, educational 
IxistitutiouG in the pursuit of their own coal« (unlc«s of course their 
major goal is job scrLoninc) ijiipose a zero return or, what is opera- 
tionally the same thing, an infinite purchanc cost on the less pro- 
ductive. Those of type P2 will never choose to enter the system 
because they have no possibility of obtaining the characteristic which 
could identify them as belonging to the class of Pj^ types. 

Notice that even if individuals raisassess their true ability, a 
full scrcenins equilibrium may be obtained. Suppose, for example, that 
some P2 people believe that they really are endowed with units of 
ability. Those who have erred in their self--( valuation will simply 
heuT the cost of finding out that they are really of lov; productivity. 
Since they arc detected, full screening is preserved. Resources; are, 
never thelesi?, wasted in their acquisition of the label and the mistakes 
are socially costly. If, on the other hand, the more able underestimate 
their ability, a full screening; equilibrium cannot be maintained as firms 
will find that the less educated have greater productivity than they 
anticipated. If in the extreme, as Stiglitz notes, individuals are 
very uncertain or sufficiently risk averse (in which case P Is per- 
ceived as a better alternative than the outcome (Pj^, P2) with some 
given probabilities), the screen may be inoperative. 

Clearly, education may fail to be a potentially perfect screen if 
schools make mistakes with respect to their evaluation of students 
and/or if the characteristics necessary to succeed in school are not 
exactly correlated with those which produce earnings. Suppose, for 
cxaJiiplc, that schools function in such a way that the probability of 
success is independent of p (it need not be unity). This clearly leads 
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to a no ccrcouiug equilibrium since achoolip'^ actually conveys no 
information; all individuals, in effect, face the same purchase cost. 
On the other hand, if the probability of success is larger for types 
than for P2 types, it is as if the two groups face different expected 
purchase costs. This is, in essence. Spencers basic assumption. 

Spence posits that the two types can obtain the same schooling 
level (with perfect certainty) only if the less able expend more re- 
sources on education relative to the more able - in his terminology 
they face a higher signalling cost. If an individual pays his sig- 
nalling cost, he is rev:arded with a "good" image; if he does not, he 
has no ch^nnce of success. The assumptions of the previous model are. 
In general, maintained. 

The firm, as before, does not know the true relationship between 
productivity and schooling but, based upon past employment experience, 
posits a set of subjective beliefs about the conditional distribution 
of productivity given schooling. Note that learning must take place 
\Si order for beliefs to be formed. As already noted, the performance 
criteria on which school's base their decisions are such that the less 
productive must expend greater effort (in the form of time or such 
things as tutoring) in order to be assured of gaining the same schooling 
level as the more productive can be assured of attaining with a smaller 
expenditure. As Stiglitz points out, if everyone could pass through 
the system without failure (or threat of failure), there would be no 
basis for differential signalling costs, the existence of which is 
necessary for education to be a viable screen. Only if performance 
barriers which conform to market productivities are established can 
effective screening occur. 



To illuiitraUe the implications of tills model consider the follov/ing 
con fl [juration of subjective beliefs. The example is taken from Spence. 
All individuals \d.th ii years of schoolinjj (or raore) arc believed to be 

A 

of type Pj^ and cill those with less than E of type each v/itli proba- 
bility one. A signalling equilibrium is said to occur when the firm's 
prior beliefs are confirmed by its new market experience so that there 
is no incentive for the firm to alter its beliefs in the next round of 

A 

hiring* Now, p^ types will choose exactly E (they \d.ll never select 
more schouling than this since costs rise with no associated benefit) 

^ A 

if and only if P^-C j (E) > where C]^(E) is their signalling cost at 

A » 

E and Cj^(E) is a positive function of E. All P^ persons select zero 
as their optimal level of schooling (if they select an amount less than 

A ^ 

E, they v/ill al\::iys select zero) if and only if P2 Pj " C2 ^ ) with 

A 

C2(E) being thc:*r asDociatcd signallir.p, cost. Given the prior arsurp- 
tion that signalling costs are negatively related to ability, C2(E) > 
C]^(E) for all E, a signalling equilibrium is established where 

(2) Ci(E) < < C2(E), 

I.e., where the differcmce in productivities fall within the range of 

A 

signalling costs evaluated at E. A full screening equilibrium arises 
because, given the beliefs of firms, individuals self -select themselves 
into schoolins classes which, due to sufficient differences in sig-- 
nailing costs, conform to those beliefs. By altering the initial priors, 
Spence demonstrates that other signalling patterns may emerge including 
one in which cvoryrne obtains no schooling. This specific solution be- 
comes relevant when ether characteristics, particularly unalterable ones 
such as race or sex, arc introduced. Although, these cases arc 
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intcrcsLiafi and possibly important, they arc pariphcral to this 
7 

dlscuc:rJon. 

Consider the r.pecial case where Cj^(K) = 1/2E and C2(E) IE. For 
simplicity lot = 2 and = 1. The cif^nalling cquilibriuiu condition 
reduces to 



(3) 1<E<2. 

Notice that any nrbijirary value of E within this range will lead to self- 

confirming beliefs. Increases in E servo only to reduce the earnings of 

8 

the more educated. Concoraitcintly, increases in E reduce social output; 
within the equilibrium range, lower levels of education are parcto 
superior to liighcr levels. Ignoring distributional aspects, the 
optimal social investment in education is zero. 

SubGumed in this wodel ic a specific rclntionr:hip betvre.cn private 
educational expenditures and success probabilities. Any expenditure 
less thari the "full" signalling cost leads to failure, i.e., zero 



7 

Spence does not explicitly exclude the possibility that the more able 
may avoid purchasing education and simply v:ait for firms to discover 
their true productivities. Since learning must occur in order to judge 
the validity of prior beliefs, such a strategy may in fact limit the 
efficacy of schooling's screening function. Some afjfiumption about the 
learning process is necessary in order to fully specify the model. 

8 

Spence demonstrates that in the case of continuous subjective beliefs 
both groups may bo worse off. All individuals would prefer a no 
screening solution. 



BEST con AWUIll 



probability of cucccnr.. But, Rupposc that individuals are free to choose 

9 

lower signalling costs by taking reductions in success probabilities. 

To accomodate this assumption, let the signalling cost functions be 

Cj^ " a (p)E and C2 = b(P)E where P denotes the probability of success 

and a' (P), b' (P) > 0. Sisnalllng costs are assumed to be negatively 

correlated with productivity in the sonse that the less productive must 

spend more in order to face the same probability of success, i.e., 

a(P*) < b (P") for all P'-. The notion here is that as individuals 

devote more resources to schooling, they begin to look wore and more 

like they belong to the set of more efficient learners and, thus, even 

if schools performed solely a market screening function, the degree of 

error will be associated with individual expenditures. 

To conform to the prior example, let a(l) =1/2 and b(l) = 1. In 

ordor for the previous; set of holic^o (nee paco 53) to elicit a slC" 

nalling equillliriun each less productive person must choose not to 

10 

enter the system at any positive p. The condition for this is 
(4) 2 P2 + 1(1 - P2) - b(P2) E < 1 



E> 

hi? 2) 



9 

Spcnce does not mention this possibility. It seems implausible to 
suppose that individuals can choose only success or failure with 
certainty. 

10 

As in Sponce, individuals are assumed to maximize expected returns; 
they are risk neutral. 
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Note that when 1, ~-- 1. Similarly, the luore productive must 

all choofio to enter, the cond:ition for tlils bcinc 

(5) 2 + 1(1 - P^) - a(P^) E > 1 



A 



or E < 



Pi 



a (Pi) 

More thnu this, they must opt for perfect certainty (P^^ » 1); for 
otherv.'iso, some of the more productive will fall and the firm's beliefs 
disconfir^'.cd. VJlien P. » 1, - - » 2. The necosr.ary condition for 
a full si['ncllins equilibrium iG» thus, 

(6) -22^ <E<_2L 

a(P2) a(Pi) 

Whether or not a full screening equilibrium occurs clearly depends 
upon the shape of the sicnallin^j cost functions. Consider first the 
casu of constant nar^tnal costs. Given our previous assumptions and 
further assun'nc tliat a(0), b(0) 0, it must be that * E and 

^2 ' ^2 ^* "^^^ ^'^^ return to the more productive when they signal is 
from 6) 

(7) Pi + 1 - ^ E = P^ E] + 1 



which is clc rly maximized at P^^ = 1 - E must be positive from (5). 
The ler.s productive vHll never entui the system since, for them, the 
return is from (4) . 

(8) P^ + 1 - P2 E = P^ (1-E) + 1 
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which Is inaximi^iod vt V2 0 since 1 - E < 0, ThuS| for const: ant 
marpinal cost functions » a full screening equilibrium Is obtained as 
before. 

The same result holds for decreasing marginal signalling cost 
functions. For this case (7) becomes 

(70 P, + 1 - a(Pi) E - Pi(l-i(£ll E ) + !• 
1 J. x — 

Since a"" (PO < 0, letting « f(Pi) It must be that f^ (PJ > 0* 

^ a(Pi) ^ 

Thus (7') can bo written ns P, [ 1 ^ E j + 1. But (1 ^ — E) 

1 fdl) f(Pl) 

must be positi\a by (G) and an incrcniilng function of P^ go that 
increnf.es in P^^ mtist raise earning f r any level of E up to f(l). 
Thus the optiiml choice is P^ » 1 1 must be Ic-fis than two for 

attempts to purchase education > E muct be larger than unity since the 

?2 

maxLuum value of ^ - ^p,^y is unity. Thus the condition for a signalling 

equilibrium is again given by (3) • 

However > suppose there are increasing marginal costs. For the 
P2 

less ablc> let =- « cCPo) where g^ (Pn) < 0# In order for no Po 

b(P2) ^ ^ 

type to desire entry^ the lov/er bound for E must be set at the maximura 

value of g(P2) since> otherwise^ there v;ill exist a positive probability 

at which it will pay them to purchase an education lottery. Since 
P^ 

*s maxinaim value is greather than unity > E must be g^^cater than 

this number in order to be an effective signal. For the more able^ let 
Pi 

^ « h(Pi) wl. *-e h** < 0* One can easily find examples for which 

there exists no value of E within the rnngc given by (3) for which the 
optimal choice is P-j^ « 1. There exists no slcnalling equilibrium for this 

-59- 



ERIC 



BEST COW Av/uuBtg 

6et o£ prXora oven thouo.li signalling costs arc negatively correlated vlth 
productivity. Suppose for example h(P^) « 1- (a(Pj^) - p^2) . xhen net 

income is ruixlnii:Gd at P, - 7- vhich implies that the more productive will 

E 

choose to spend " k ^ only for E < 1 which does not lie within the 
equilibrium range. In fact, for the family of signalling cost curves 
given by a(Pj^) » h ?^ this result is valid. 

Obviously, all that this excrcice has demonstrated is that, for the 
set of conditional beliefs predicting full (perfect) screening, there are 
some conditions (sufficiently increasing marginal cost) under which a 
"perfect" signalling equilibrium may not result. It can be shown that 
the result holds for other sets of beliefs, buu proceeding in this manner 
does not constitute a proof of non-e::lstence. However, the example does 
Illustrate the difficulty in obtaining signalling equilibria in a more 
complex setting; for, the choice of success probabilities depend upon E, 
and it is this choice which det„rmincc whether beliefs are confirmed. 
If each E corresponds to a different choice of the probability of success 
(as it does in the above sample), the finn's beliefs would have to cor- 
respond ex-plicitly to this choice as the success probabilities determine 
unique schooling-ability distributions. Thus, in this case, multiple 
equilibria arc impossible. 

Spencc discusses several other signalling situations. For example 
it is shown that the phenomenon may coexist with education being somewhat 
productive although if it is too productive relative to the differences 
In signalling costs, all individuals will select the same schooling 
level. It is also demonstrated that identification need not be pcifcct. 
ThiG arises when signalling costs are only imperfectly correlated with 
productivity, the imperfection arising due to taste differences or 

family wealth differences. In this case, some high 
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producLlvlLy porijons sclf-solcct thcrnfjcl vos out of higher education and 
arc therefore QssoclcitccI vjith low— produc .!i /ity typcj.»» Tho reverse Tnciy 
also occur. As long as the correlation hetwcen productivity and Big- 
nalllns costs is negative, siijnalling equilibria tiay exist. However > 
the more Imperrect the signal, the lower is its return. 

T!!e itiajor point of these educational screening models is that the 
empirically observed private rctes of return to schooling can be 
generated within a framework of incomplete information without relying 
on human capital augmentation. The models consist mainly of existence 
proofs and then only under highly uncomplicated situations. It 11 
difficult to see hov; the existence of signalling ciullibria as defined 
could be establishc-:d in a v/orld in which individuals differ in their 
productivities across industries and occupations, firms have different 
experiences and thus different expectaLlons, schools make mistakes etc. 
But, one needn^t show the existence of signalling equilibria to realize 
that the Informational phenori.cnon may exist. After all, firms must 
realize that they may obtain a different productivity-schooling dis- 
tribution than that which would be perfectly consistent with their 
priors. Signalling equilibria are probably flexible with respect to 
new market experiences. To repeat, the lenl question posed by these 
models is concerned with the degree to which credentials serve ao 
Information sources as opposed to the degree to which they signal 
productivity differences which are outcomes of the schooling process. 
That situations in which education plays an identification role can be 
shown to exist is not surprising however ingenious the models. That 
this is its only function as previously arp,ucd, appears implausable. 

Suppose that education's major function is informational. VJhat 
effect does this have on the social desirability of a given educational 
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« 

invcHtiuc nU? The qucation clearly hirii',C'.s on the cocial value of the 
information conveyed and upon the coot of developing cheaper information 
sources of equal quality. Clearly, in a pure screening world, indi- 
viduals would never choose to obtain formal schooling if they could 
derive the same benefits from a less costly device. More realistically, 
the extent to which private sclioolinc inve.straenta would fall would de- 
pend upon the screcnins-productivity mix. 

To illustrate, consider the following example drauTi from the model 
developed in Chapter II. Suppose there are two types of individuals 
and two schooling classes, denoted by E and E^. The distribution of 
skill within the t\.'y schooling groups are assumed to have as their 
respective moans and variances and a^^ . Assume that > 

and the variance-mcsn ritios are equal so that schooling's private 
return is related only to the difference in means. The social value of 
schooling depends upon how much of the difference (|t^ - Hj^) is accounted 
."or by skill endo^vwnts as opposed to skill-formation. 

In the models previously examined, the information itself has no 
social value - in fact, the social return is negative. If education 
imparted no skills, from a social perspective, the resources used in 
the acquisition of Gchooling would be a social waste. Since marginal 
products are assumed constant, gross social output is kixL where L is 
the inelastically supplied labor stock, [i is the population's laean skill 
level and k is the constant marginal product of skill. Net social out- 
put is k(iL - CLq whore C is the output cost per educated individual and 
l,Q the number ot such individuals. The optimal social investment in 
education clearly occurs " Lq » 0, where no individual invests in 

schooling, since gross social output is itself unaffected by the number 
of educated individuals. 
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Assume foi.* the moment that eJiicicion is acting as a perfect screen 

BO that a**- w 0^ " Q. Let s. be tlio jskill level of type A Individuals 
\ C A 

and Qjj that, of type B with and L^^ being their respective nur.ibera and 

> With a perfect screen, the aubscriptc also stand for schooling 
clasae::, where [Iq » s^, (.i^ *= c^, L^, = and L^^ » L^^. Grons social 
product with constant marginal products is simply ^KJ^yi ^ I' 

^* c c 

where S is the aggregate skill in the economy. Note that for any given 
number of firms, the distribution of skill over firms is unimportant 
with respect to aggregate performance . Now assume that firm output is 
a function of a single aggregate skill as described in the previous 
chapter and suppose there arc N fiois each employing L workers. For 
the i^^^ firm actual output is 

(9) Yi = rCS^, K) « F(F^ L, K) 



om 



where "c^ is the mean skill level obtained by the i^^^ fiiii from a rand 
sample of h workers. Taking a second order approximation around 
¥ «= UL = S,th.e expected ag-'regate skill input, yields 

: (10) = F(lxL, K) + (si-li) LFg + h d.-li)^ L=^F-- 

where T- and F — arc the first and second-order partials evaluated at S. 
S SS 

Aggregate output lis therefore 

N N _ 

(11) I Y » NF + 1.^-F— I (s,-|i)^. 
i«l i SS i=l 1 

The second term in (10) is zero as total skill must be exhausted. 

Since 1^ — < 0, gro.';s output ir. maxiiiiiacd where E(s.-|a)'' « 0, i.e., 

SS . . 

where each firm obtains the identical sample mean skill level. Assuining 
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a liotentially perfect screen, it can easily be deironst rated that 

N _ • N 

i«l . ^. " i«l N 

vhcrc L^^ ifi the i^^ firm's labor input obtained from schooling class 
5~ '^"^^''^ of workers the i^" firm would obtain if the 

Lq workers were equally dnstributed over firms, men firms do screen, 
each firm samples the same number of workers from within a schooling 
class. But, from (12), if L^^ - ^ for all i, aggregate output is maxi- 
rnizcd. The maximum social benefit from education's screening function 
is therefore 

(13) k F- (|ic-V2 Z (L --£)2 
SS ^ i-1 Ci N 

as one can further demonstrate that as education becomes a less perfect 
screen, its social benefit declines (see Appendix B) . In this case, even 
as fir.iiG unploy the same factor propor lions, variations in aggregate 
skill will persist as within group skill variances remain. The limiting 
case in which screening has no social value occurs where the mean skill 
level of the two schooling classes are identical so that sampling 
within groups is tantamount to sampling the total population. It should 
be clear that the. return to screening is due to the elimination of be- 
tween group skill variance; it is as if each fim samples from a total 
population with a smaller skill variance. 

In the previous models, the private and social returns to schooling 
had to diverge for any skill distribution containing a positive ability 
component. But, in the above model, there will exist some less than full 
productivity effect which will equate the two returns. The social return 
may be positive even with a zero productivity effect if the cost of 
education is smaller than the expression given by equation (13) . Note 
that the social return falls with reductions in screening efficiency 



From (13) , it la easily uecn th.it increasing flic difference in 

ondovnncnts (given a perfect acroen) increases education's screcninij 

return vj^th a constant population mean, i.e., a reduction in with an 

increaj;c in [i^. Suppose, however, that, with given endovraents, education's 

productivity effect increases. Clearly, its social return rises as 

education adds to aggrecate skill. But, it is also possible for 

education's screening return to increase; the effect depends upon the 

rate of decline in the marginal product of skill. If F < 0, the 

SSS 

informational value of education must increase while if F > 0, its 

sss 

value may rise or fall depending upon the siz:e of the productivity 

11, 12 

augmenting effect. Clearly, schooling has its maximum social 

return for any given schooling distribution where it is a perfect 
screen, and the difference in schooling class skill levels is solely 
due to skill formation - in this case, the social return ejxeeds the 
private return. If, as Stlglita argues, screening efficiency and skill 
formation are joint products, education's grosci social product may rise 
by mere than the value of the additional skills produced by schooling. 
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An increase in schooling's productivity effect is assumed to increase 

12 

This result follows from the fact that the screening return is larger, 
the more negative (see equation 11)) and the larger is (^i^-iJ^j)^. 
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ConsJdur the Introduction of a scicond cijii:rccatc Bkill input. Assuiue 
again N f/ims each cr.iployinc workcra to fulfill its nygrcnate c;kill 
requirement, Sj^, and different vorkers to fulfill Moreover, to 

sluiplify tha analysis, let ub suppose that all individur.ls are equally 
productive in the second occupation, but that there are t\ra skill 
classes aj: before v/ith respect to S^. Analogous to equation (11) one 
can derive the follov/ing expression for aggregate output. 




Note that ^2i'^^2 ^ ^ firms by assumption so that all other 

terms in thci expansion vanish. More importantly, notice that the 
second term in equation (lA) does not vanish as in the previous one 
skill input model. The reason is simply that the aggregate skill input 
obtained by each fir*:: end thus the utilisation of ecouoiny-vidc d'^- 
pends upon the distribution of workers employed in each of the two 
occupations. There are, in this case, tv/o returns to screening. The 
first, as before, is related to reductions in aggregate skill variation 
between firms. The second, however, refers to the proper allocation of 
workers within firms (see Appendix B) . Clearly, there is a social 
gain to allocating individuals to their most productive uses (occupations). 

Total output \i> maximized where the more productive workers in occupation 
one are assigned to occupation one. 

Arrow (2) demonstrates the existence of a positive social benefit 
to screening with a fixed coefficients production process. The basic 
framework is the same as above, except that the screening return is 
derived from altering the nujubcr of workers in each occupation so as 
to maximiise output whereas in the model outlined above the number of 



ERIC 



-60 



woi:lu'x.'; *in each occupatipn is ^jJUcd at both the firm and aBsra<:ate levels. 
Kith, fixed coefficients, the. mum to acreeninj; is 2cro in the lirevious 
model as each fim is constrained 1:0 f52''1^2^'2 "^^^^ of aggregate skill in 
occupation two. But, vdth tJorae dearce of aiigregate skill substitutability, 
both return are relevant; there is a positive return with the constraint 
that each firm hire fixed numbers wiLhin occupations and a further 
return from permitting firms to alter their factor proportions, given 
the information. Equation (lA) therefore yields an underestimate of 
the social value of screening for any level of screening efficiency. 
Extending the model so as to include more aggregate skill inputs with 
different degreoK of screening efficiency attached to those inputs and 
allov;ing firms to adjust factor proportions as well as total factor 
emplo>niiant unduly complicates the arguments without leading to further 
InsJglitTS. The important point is that there exists a positive noclal 
benefit from screening even in the absence of a productivity effect 
and one which may positively interact \d.th this latter effect. 

The implications of these models can be evaluated only by an 
empirical examination. Although a wide range of studies oxJ.st on the 
schooling-earning relationship, few attempts have been directed toward 
discovering their link. Much of the work has been concerned with 
asscKf.ing th-. bias iji schooling's private return which results from 
Ignoring measures of ability and family background. The results have 
consistently found a minimal reduction in schooling's effect on earnings. 
(See Grilliches & Mason, Gintis), However, it would be erroneous to 
conclude from this that schooling is an input into the production of 
humnn capital rati cr than in identification device. The reason is 
that screening arises solely as a consequence of Ijnperfect Information. 
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Schoolijia is sljaply a proxy for earn:ln;.;jj producinji fikilla (ability), at 

least during tlic early phaaoo oJ; an individual's career. If ability 

measures were porlectiy correlated witli productive skillc but firms 

were unaware of an individual's ability (measure), sclioolina mii^ht 

ati]l bave a rir;.;cr effect on earninf.s (over the life cycle), provided 

tbat ccboolina aerved an informational function. That these ability 

measures may only very imperfectly correlate with success in the job 

laarhot is actually a peripheral consideration to the applicability of 

13 

these studies to the screcuins hypothcnes. 

One possible test of screening does emerge from these arguments. 

If eduCiTtional attainment is being utill?ccd as a screen, then its 

effects should be most pronounced at early stages in the life-cycle 

and should diminisli over time (ej:pericnce) as firms glean information 

about actual prodacf.ivitJes from on-tlio-job perfornrmce. The same 

conc]ur,ioa should apply to measures of what an individual learns in 

school if the laiov.'ledge itself has no influence on productivity and 

firms utilize thcRc measure:-; as screening devices". This is the tactic 

follov/ed by VJice (2/1). Wise's null hypothesis, however, is "the absence 

of a significant relationship between academic achievement and job 
14 

performance." It is not surprising that this hjTJOthesis can be rejected. 



13 

Arrow mistakenly believes that it is the imperfections in the ability 
measures which detract from the usefulness of these studies vjhen applied 
to the screening hypotheses. 

14 

D. V.Unc, Ac^J^T,l!_c_J^_H^jj?v^^^^ Ford Foundation 

Program for u:search in Uaiversity Achievement, IVjper P-37, 1973, p. 3. 
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Wis.e'a data CQusJ.j;t:i of biographical and iialary infoi,']nation on 
appronipMtcly 1300 college gradun.tnsj ewpioycd by a single large nanu-* 
facturing company in 19G8. All individuals had at least 3 years of 
experience in the f im; and were no older than 3Q at the time they were 
initially hired by the firm* The population v/as further restricted 
(by Uise) to persons with lees thvin 23 years of experience* The re- 
sulting sample consi.sted of 967 individuals • 

The earnings equation that was esti]natcd is shoxm below: 

(15) s a e^'^ e^, Ins « e + rt + 6 • 

where s stands for the individuals current salary, e^ is initial salary 
(t^O), r is the constant rate of increase in monthly salary betv;een any 
two years, t is the number of years of experience in the firm and e is 
a disturbance terr^i. Buth a and r are assumed to be functions of per- 
sonal characteristics as given below: 

%+ + bj + dJc^ 

3 

where ^ ^i, £bj, Za^, E3j, l\ « 0 
and 
« Constant 

0 

aj^ « effect of having a BA degree at initial hiring 

a2 effect of not having a degree at initial hiring 

bj[ » effect of an engineering or science major 

b2 effect of a liberal arts (or other) major 

bj « effect of business major 
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« ynpjrs. of oj:iu..rJence prior to initial hiring 
JTq « average rate of salary increase 

«g effect of colleae quality 
(As tin index) 

'^1 ^2**' " effect of grade point averajjo 

(3.5-4.0. 3-3. /i9, 2.5-2.99 less than 2.5) 
^1' ^2'*** '^4 " effect of rank in K\ pro^jrara 
(top 5%, top 1/3, lower 2/3 » no 
312, .., « jTiensures of job satisfaction and 
socioeconomic background. 
(See VJice for a fuller discussion of these variables). 
The preli^anary analysis does not allow interactions between any 
of the variable.. Since VJic:e reports interaction terms to be insigni- 
ficcnt, atto.,i:::<,n will be rp.fjtrictcd to the simpler specification. 
Results are duplicated below in Table 1 with the x . l-1... 5 variables 
omitted. 
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Variable 
Conr»tnnt 

^1 
ao 



o 



«2 



«3 
% 

h 
h 
h 

Source: 



Estimated 
Coefficient 

6.7035G 

.02591 

-.02591 

.03879 

.01340 

-.02539 

.01G47 

.04501 

.01085 

.00122 

.00183 
-.00431 

.00827 

.00777 

.00055 
-.00245 
-.00587 

.01241 
-.00017 
-.00504 
-.00720 

Wise (Table 2 ). 



Standard F - Statistic 

Error (null hypotheses: equal effects) 



(.01029 
(01029) 
(.0076/*) 
(.00956) 

(.00315) 
(.00171) 
(.00303) 
(. 00.119) 

(.00147) 
(.000910 
(.00116) 

(.00131) 
, (.00087) 
(.r0073) 

(.00311) 
G 00182) 
(00193) 



5.766 



16.018 



10.718 



22.179 



/ 

\ 



11.398 
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The rate Ui': salary increayu clearly riaea v.'J.r.li college quality and 
BratU: i.oint avcrnr.c Wise (rollov.'ina Aritin by ;;ho:ii the index is dcvined) 
aauiuuG:; that the. quality ol the colloj;'' attended rcflcctG the average 
ability of the iintcring cla::u vhi.'.e {.;fado. point avcTace, 1 pre.'.umc, re- 
flecti; one's mastery of r.ubjoct mttor. Wise arcuos that if .'^choollns 
dooG notliins to ciliance productive attributes, then there sliould be no 
persistent effect of grade point average on earnii?g-.. Moreover, since 
he fiiiiV. the effect of CI'A to be important at all ability levels (no 
interaction) aiul he ;;ugget;L.'i that the greater the quality of college 
attended the more homogeneous are the individuals \.ith respect to 
ability, he' rejecCj: the conclusion that pcrfornanco in school is merely 
used to identify the more able. He also rejects the hypothosiy that 
grade point avcrcjge is mert-ly a proxy for affective traits v;hich 
influonce productivity on tlia basis that high school performnncc., wbJch 
Kliould bo an equally good proxy for there attributes, is insignificant 
and dc-s not reduce the affect of college performance (GPA) when also 
used in thv. rcgrcsf;ion analys;is. 

However, Wise ignores on-the-job training as a component of 
earnings. If GPA is positively correlated with the amounts (measured 
in time equivalents) an individui'l inve£;ts on the job, profiles of Ins 
(and s) v/ill diverge (sec Mincer (13)). That this is occurring here to 
some degree is evidenced by the finding ^:hat neither GPA nor CQ liave 
any effect on starting salaries. Wise contends that this is due to the 
belief by fiinnn that they would create morale problems by diffcren- 
tiatir/g betvjcen individuals in this way. It is difficult, liowcver, to 
suLtpin tlvi.u vicv a:'.;jui.iing co.T.petitivc markets. Of course GPA may 
reflect, in part, the rate of return to post-schooling investments 



which, if cavuially rolated to CPA, should be included in the return to 
schoolinjj. 

The proMem is circumvented to noma extent by segmenting the popu- 
lation by undargrndiiate najor and by job function. One v:ould expect 
the variation in post-^ichool investmont beliavior to be smaller within 
these classification's than ncrofiiJ the whole population ♦ But Vlice does 
not report the effects of CPA or CQ on initial salary for the differ cut 
Croupn. In any event, CPA is found to have a positive and sicnJficant 
impact on the rate of salary increase for eni^ineers and business majors 
but not fur liberal arts majors although, for the latter, the samnle 
fiii:e \ms cov p^'^^^tiveXy t'inall. The t;aine concluMion follo\;3 when one 
looks at rciircscions by function those in which liberal arts luajors 
arc most prevalent yield t;:nallcr CPA effects. IJliatovcr liberal arte 
iiiajord Jo Xcr.vn so.cm- to lui less relevant to tlie job tliey periorra. 

A further result concerns the effect of a Hester's decree on salary. 
As is seen fror.i the table, merely obtalnlnii a Masters lius appreciable 
effect on earnings unless the individual grnouates in the top 1/3 of 
the class. This holdy true for both engineers and business majors. It 
would have been interesting to see the effect of having a Masters degree 
on initial salary especially for those in the botton 2/3 of their clasf?, 
but Wise notes that nost graduate training v;as obtained while working. 
Wise argues, although not cjiplicitly, that Masters programs arc, at 
least, potentially prc.luctivity augmenting, the effect depending upon 
an individual's perfomincc. But, from a social perspective, the 
question concerns not the potential but ratlier the actual productivity 
gain. Moreover, the lari;;C'r rate of salary increase could, in part, be 
duo. to a jump in salary at the time the degree was granted which might 
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be coiistrucvl an idcntiacation cffbct captured by all individuals 
obcainlnfT the degree. 

As Ion- JUS one If; v.illJne. to accept Wiec.'n interpretation oZ the 
effects captured by CQ and CPA, it appears that collccos do impart 
productive skills althoush an individual's college major and the function 
perfomicd v'ithin the firm are also important. To the extent that CPA 
itself has an ability coir.ponc?it, alon- uith irieasuring accrued knowledge . 
the rosultc are weakened. Also, to the degree that earnings profiles 
differ due to on-the-job training investpaents, the results may be con- 
founded. Furtherraore, accepting the weak hj^othcsis that colleges have 
a staticr.ically significant affect on productivity doea not exclude the 
po.-.slbility that a statistically siguificant component of the return 
is due to screening. 

Taubman and Uales, on the other hand, atte.ijpt to test for tlie 
existence of a screening effect. According to the authors, screening 
Is snid to occur when individuals, due to their lack of educational 
att.iintaent are restricted from entering occupations in which their 
marginal products are g3ca^ect. In other words, if individui.ls were 
free to choose the occupatlonp they entered at a wage conunciisurate with 
their true mrglnal produces and not based upon the average produc- 
tivity of the individuals with the same schooling level, a greater 
proportion of less educated -..ould be found in higher paying occupations. 

mat T & U do is to estl-iate earnings as a function of ediication, 
measured ability, father's education, age, and other characteristics 
vithir. broad occupational categories from the IllJER - Thorndi,ce sample 
of any airforcc pilot and navigator candldatet; in (see Chapter IV 

for a fuller discuccion of th.is data set). 
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From the occupational rc^^rcssioiia, potential earnliic^^ of indivi- 
duala in occUiiatlous othar tluin tliU.r ovm arc estimated* .'lie renidual 
variances arc u.scJ as cr.timates of the dispersion around an individual's 
potential income and the disturbances; arc assumed to be uncorrelatcd 
across occupations. To illustrate tlic application of this approach in 
a tv7o occupation v:urld, let Y. and Y be the mean incoi»ics obtained for 
a given sclioolins class fro7u the rci^ressions equations 

\^ ^ ^i ^ ^ where is a vector of co- 

efficient and Xji^ tiie vector of independent variables including those 
cited above. Let cr^2 ^ variance of the disturbance terms 

assuir.ed to be r..jri;:^j].y distributed V7ith r^ero xaeanfj. If Y^ = Y^, then 
half of the population can be expected to be found in each occupation. 
If Yj^ < Y2, then the proportion expected in occupation one v/ill de- 
cline for any [;ivcn variov :cs; the {greater is Y - Y the smaller this 

2 1 

expect'. d proportion. 

The resulting expected and actual occupational dir.tributionr: by 
education are duplicated in Table 2., The regressions upon vjhich these 
results are based are as previously described, except that occupations 
were c^oupcd \:ith individual occupationa] dununies inserted* The group- 
ings were (1) profes'^ional, sales and technical; (2) blue collar, white 
collar., and service* ; (3) Tiianagerial. No in t exactions v/ere used so that 
earnings tnercly shifts up or do^m for occupations vrithin each broad 
classification. 
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T U W conclude ivon Table II that: "In general then, under the 

assumptions of free entry and income iiia>:lini;^ation^ very few people at 

any education Icivel in our tjtuaple would clioose the blue collar, vjhite 

15 

collar, or service occupationrj.'' The fact that high school graduates 
predojninatc in the occupationa is taken aa evidence of educational ere-- 
dential requirements. They find more problematic the fact that in the 
hifiher paying occupations (Prof., Tech., , ales) the expected fractions 
al\;ayr; exceed the actual and resort to rather ad hoc explanations. After 
all, under a screening proposition, why v^ould college graduates be re- 
stricted from entering those occupations v;hich maximize income if they 
arc indeed tlie preferred group? Although T & W realize that the most 
Important qualification to th.is approach concerns the assumption that 
there are no unmeasured occupation-specific skills v;hich are correlated 
xdLth education, they fail to realize that this in itself makes if: ijn- 
possible to distinguish between the tv;o hypotheses. That occupation- 
specific chills are important appears obvious from Table 2. The ex- 
pected fractions within the three occupational groupings are alxiost 
identical for the three schooling classes. Their res\ilts imply that the 
same proportion of high school graduates uould be found in the prof., 
tech., and sales class as college graduates, and the same prcportion of 
college graduates v;ould be Xound in the blue collar, wliite collar, ser- 
vice occupation as high sol jol graduates. It seems clear that high school 



15 

P.. Taubmnn and T. Wales. **Kducation as an Investment and Screening 
Device^'. llJineographed. New York: National Bureau of Economic Reucarch, 
1972, p. 9-19. 
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{•raduatuii wlio arc In the first occupational catc:^'.ory are not identical 
to thoua in the second (even af:cr controllinij for other charictcristics) , 
and, thuG, to extrapolate the cari.i.naK potential of the latter from 
actual cai'nJnyfl of the former luu.Qt lead to r.purious results. The result 
in the first occupation set for college graduates is furthcir evidence 
that these i egressions are ignorini; some specific characteristics which 
arc more important in some occupations than others. All that T fit W have 
demonstrated is that there exists a high correlation between education 
and occupation but have not demonstrated, as they intended to do, that 
tliis relationship la based significantly on .entry barriers. The fact 
thit their results are consistent with a screening interpretation does 
not aid in distinguishing betv;een the tv:o views. Moreover, even if the 
actual distributions are those v;hich v7ould obtain under strict income 
inr'»ximlr.atlon, the question would still remain as to whether schooling 
produced those occupations! skills or merely signalled their endowment. 
The test conducted by T ik W sheds no light on this issue. 
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ClIAPTEA ly 

EMPIRICAL TliSTS 01 TlUi SCUliENIKG ilYPOTIUiSIS 

The jiropoKition advanced in the preccdlufi chapters la that the 
priv e rate of return to schooling may he inl:arpreted as derived from 
the purchafic of a label v/lilch serves to identify or cisnal productivity 
endowments rather than, as in the usual view, to directly enhance pro- 
ductivities. The empirical problem is to disentangle these two effects 
and ultimately to measure their relative importance. The attempts re- 
Viewed in Clinpter III V7ere much more modest in scope as they aimed 
solely at demonstrating the existence of one or the other effect. Even 
these rcsull.n were not free of ambiguities, Th-;: more ambitious under- 
taking, although more dcsircable for social policj^ must await the 
resolution of these simpler issues. Possibly, the question is unans;?er- 
f\hln. when posed in a gnrir?ral form, given the vide variety of occupations 
and job taski- associated with any level of educational attainment. 

This chapter will attempt to serve two functions. First, several 
tests for tha existence of a screening return v^lll be furnished. Second, 
by exhausting some of the more obvious procedures, future research, it 
la hoped, can proceed in somer^iat different directions. The major dif- 
ficulty with many of these empirical formulations is that they are based 
upon life- eye] e earnings relationships whereas the theoretical foun- 
dation is couched primarily in static terms. Implications from this 
atatic framcuork can only nalv<dy be extended past the initial phase 
OH work, experience. 

One further issue should be raised before proceeding. Although 
aeemingly semantic, it haa nevertheless led to confusion. Screening 
haa been used to describe a situation in which oducutional institutions 




fall to iwpart: job relevant .I;ills. Yet, the tern has also boon used 
in an inroru'.ational context in the sonne. that If there exist real pro- 
ductivity differences acron.s schooling classes which can be dif.cerned 
by finnr., educational attain^.ont will be utilized as a basis for 
ejnploy;ue.nt. Uov/cvcr, the latter my or may not be related to the 
former; whether ucliools produce useful labor market skills or whether 
they merely seonent the population into groups which differ iu their 
skill endov.'.icnta (or both), croup differences will einerce and useful 
inforAVition ijuparted. Any demonstration of schooling's informational 
role is only peripheral to the former i«sue. 



1 

A sir:ple tcGt for schooling's infomationnl function can be constructed. 
To the e:.:tent that schooling in the prcdoiuinant screen, i.e., other de- 
vices do not, in conjunction with schooling, perfectly predict produeti- 
Vitieo the corrol.,tion betv;ee.r. schooling and earnings should be greatest 
at initial or carjy levels of experience Thereafter, as firms learn 
about actual productivities nad the variance in earnings vitliin school- 
ing classes rise the correlation should continually decline. However, 
this result may be confounded by post-schooling investment behavior, 
in incL, hmcer finds 3 rising correlauion until the "overtakinj'" 
exi)erience level (appro::ln,atcly the first decade) followed by a 'rapid 
decline (see Mincer (13), page 57). Wien I performed the same calcu- 
lations for the Thorndike f,ainple discussed in the text, a pattern of 
rising correlation..:, throughout the life-cycle was found. Although In 
variance:, in earnings increase with experience, the marginal return to 
schooling increar.es at a faster rate, causing this result. But, the 
manner in which ihe sample is constructed leads to quite different 
schooling distributions within experience classes, confusing the isoue. 
Wiether tliis result is peculiar to tliis sample or general to longitu- 
dinal as opposed to croas-seetional data sets is cleat iy an issue for " 
future research. 
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Before proccc'.diui; with spuciCic tests ol: tlic screenins hypotlicser., 

coino obscrval.lonr. about t.ho [jcncrc;! explanatory power of thiu friunuworU 

sliould be ralaetl. IJitbout detailing tlic subntantin! literaruro on the 

role of education in cconoiaic (jro\:th, it is clear that theau studies 

raiue rather serious dcubUG about the importance of the screening vicv;. 

If one is to accept the notion of only a limited productivity effect 

of schooling, a reconciliation with these studies is imperative. In a 

recent survey of the human resources area, T. W. Schults states that 

it is now established that the omission of tlie improvements in 

the labor force asnociatccl v;ith education accounted for a large under- 

estiiuation of the increases in the effective labor force, as Denison as 

2 

well as Jorijeurion and Gril:Ir-hcs have showi". Althouj.;h one micht quarrel 
vrith the force of this statement, it is, I believe, difficult to deny 
its thrust. The implicauicn is not coinpaiiabte \ixlh a world in which 
schooling serves mainly an informational function. In the e^'.tremc view, 
with a relatively stable "ability" distribution of successive cohorts 



2 

T. W. Schult.?',, in'™JlcL^<Hirc^r;» NBI'R, New York, 1972. Dr'strlbuted by 
Colunbia Univcr^rify \'rt":.; , kVa; York and London. Tlie two references arc! 
EfV;ard r. Ucnirjor, "Tha Sources of Economic Growth in the UnlLcd States 
and the Alternatives Before Us", New York Conmittee for 12cc .vimJc Develop- 
ment, 19G2. 

D. U. Jorccn r,on and 'Avi Grilichcs, "The Kxplanation of Productivity 
Chan{;c," jlevi';w ol. l ^connmic ntu dic;;, 34, July l'JG7. 
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of labor force entrants, there would, In fact, be little or no corre- 

. ^ 3 
latlon betv:cen productivity growth and educational attainuv, at. More- 
over, there ia nothing inherent in screening models which would predict 
schooling levels to rise as they have. In the context of Spence's 
model, one wonders about the nature of the forces which would contl i- 
elly disturb the oquilibriun signalling pattern and concomitant 
educational distribution so as to displace schooling levels up\;ard 
over time. Any serious consideration of schooling's identification 
role as a major source of its private return would have to address 
these issues. Although the theme will be repeated throughout this 
chapter, it is iiuportant to note that the screening argument as a 
general propor.ition appears to add little to the productivity augmenting 
view of the schooling- incoii.a relationship. 

The scrcGuxni; model presented in Chapter II deiionstrated that those 
with more schooling will initially coaduajid a higher wage than those with 
less schooling if their moan sld.ll level ([i) is larger, th»ir variance- 
mean skill ratio (o^/^) is enaller and /or if firms are relatively more 
certain as to the average level of their productivity (.a^/yZ) being the 
relevant parameter). Consolidating the latter two, several teats are 



3 

It is posail-'.t :^int along v;ith increasing educational levels there has 
been an it at in schooling's sorting function which, given the 

disciuision ?n (.: ,jter III, has a- gmcnted aggregntc. output. There is, 
however, no v;, Irical evidence available which supports this contention. 
In fact, a test was performed for this purpose. If schooling is be- 
coming, over tiiiiG, a more perfect sorting device, one would expect tp 
find larger withj'.n-.schoollng group variances in earnings within the 
same experience cjn.ss for older cohorts. However, some rough calcu- 
lations I have jjorformed of In variances from the 1900 and 1970 census 
do not elicit any disccrnable pattern. 
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considered for tlie compononLi^ Llic mean cXfccf. and the variance effect. 
Since iuor»t of the tccts arc pcrfurriod with the NLlill-Thorndike populntion, 
a general doscrii^tion of thi.s data set folloy^. 

The r.amplc connLots of approxm^tely 5,000 air force pilot, navi- 
gator and bombndicr candidates in 1943. In 1955 ThorndiI'.e and llagen 
sampled 17,000 of thefc men and colloctcd inforiDation on earnings, 
schoolinj;, job experience and other riOoioecouomic variables including 
numerical scoreb on seventeen tests adinxnistered in 19^i3 which purport 
to ineaiiure various types of abilities rangiap from nanual de:<terity to 
abstract problem solving capabilities. The KBER resampled a subset of 
these in 19G9 and again in 1971 updating data on job histories and 
socioecouoraix characteristics. Specifically, the data includes infor-- 

mation on jobs held in five separate tiLme intervals: 1945-1952, 1953- 

5 

1957, 1958-19 )2, 1963-0.966, and 1967-1970. Data on jobs held in years 
other than those corresponding to the interviev/ years are retrospective. 

The saiaple is composed primarily of individuals of high ability 
and cxccllrnt health. All individuals are at lenct high school grad- 
uates and a majority h:'ve an undergraduate degree or some graduate 
training. Ages, as of 1969, range from 42 to 55. Therefore, for ra:.ny> 
employment inid schooling v;cre interrupted by the war. 



4 

I am indebted to Lee hillard for hXu aid in using this data set. 

5 

Initial Job, vhJch may have occurred prior tc U. II is also 
reported. 
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« 

To ohluiUi accur.-iie autijiiatcu of, v/ork cxjicrlcnoc, Llu\ populauion 
v.'as rcm-.ri;.-.tcd to tho:-.a. indivxclu.-.l« whose initial job occurred after 
military service rnd .in particular viLliin the 19/»5~1952 interval. 
Experience }<\ £;iTOply calculated ai^ the difference bct\;een a reported 
job year lying \d.thin any of the five pcriodt; and the initial job year; 
it is, thu?;, def initionally zcvo for the initial job. Further ex- 
clusions, were those individual!; with extended nilitary service (any v;ho 
rcjcnincd in the nilitary after 19A3) , civilian pilots, the disabled and 
the uncTiiployrd . The constructed sample consists of 7893 separate 
experience-earnings points for those engaged (as of their last reported 

job) as private vage. and salary vorhars and .1.9QG observations for tlie 
6 

self-eiuploycd. The reason for this dichotor.y will becorie apparent. 



There were several porr.ible \;ays to assign observation?: to one or th( 
other class. Each reported job ivrcMpective of the individual could 
have been assi-ned to the reported class. KuL, experience is deuincd 
cuiuulatively over each individual v.ork history and way nt have the 
same iiiii)acL on earninr.s for each of the two cr.iploynient states. A second 
possibility \;ould have been to clioose indiviuuals who maintained the 
same status tluroughout. As an appro:;lmation to this latter method, 
Individual.a were assigned to a given class on the basis of their last 
reported job. Of the 1906 observations for which tlie last job was in 
.'.■"If-eniployi.iont, 36% v.ould also have been a:':;lj',ned to self-eiiiplo>a!icnt 
if, instead, the first and last jol) liad been inatclicd. The coniparable 
figure for private wage employment was 92Z of th ; 7iJ93 observations. 
Kegre.if.ion.'i were run for those individuals whose class w.is the same on 
both the firr:t and last job. Since many individuals dl^.! not report in- 
termediate jobs, the s.i:;ipie sizes would have been severely restrictcvl 
if further constraints v/ere ui Mii'.ed. Results are qualitatively the; same. 
Sec Table (1.9 as contrasted with Table 1. 
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ProbaUiy the. more ijJiporLauL (i^ucatiou CQUcerns the velatlourihiy 
between avora}ie productivity differences and ncbooling, tha luean effect. 
Reeall that tlie private, return to schooling is solely a function of the 
additional slu.lls a«j;ociatcd with the riore £:choolcd group (ignoring 
variance returnt^) and will be the .same, according to the models pre- 
sented in the previoun chapters, regardless of the mix betv:een skill 
endowment and human capital acquired through schooling* 

Using the KliER-Thorndike scunple, earnings profiles v;ere estimated for 

both private v;agc V7orkers and for the self-ovuployed. Table 1 reports 

the results for several regression specifications (see page 93 for a 

discussion of these formulations). The dependent variable in this and 

all other ti.bles is the natural logarithm of earnings (in 3 958 dollars) 

S is schooling level, P is experience, and A is an IQ-type ability 
7 

measure. Since the relevant hypotheses coneorn coo.fficiont equality 
as betxs^een tho self-employed and private V7:jgc populations, the regres- 
sions in Table 1 (and all following tables except vjherc noted) are 
from the pooled sample. Each coefficient represents the partial effect 
of a given variable for one or the other sample. Given the variance- 



7 

The ability r.icafiuro la a cowponi.t:c: of tlia fievcntacn tests. It waa 
com;tructC'd by Al Ronton ol' the Kducatioual TcstJny Service. 
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coviiriaiiae i!Kar.Ix oi? coeXii.i.c.icnl «, L-ticytn may be pcrforjocd l.o test lor 

8 

equality o£ sinr.lc coefficients aa batv.'ccn the tvo Howpies. 
Dcacript:I.va iitaf iiitJ.ci; are civen Jn Tables C.l and C.2 in Appendix C. 

ConaJder llie effect of addition;il ijclioolinc for the tv.'O vorkcr 
classes civou in Table 1, equation 1. It is seen that the nar^jinal 
return to schoo.liiiii lori-.or for t]>e r.elf-enploycd at all e:upericnce 
fjoinLs. The saioa re.'.ult is apparent x.ho.n school.in3 effects arc averaficd 
over all life cycle points (see equaUicm 2 or 3). A joint Le:;t was 
performed ou S r.nd 'oV to determine v.'hetlie.r the difference w.is statis- 
tically sunuificant betvreen the two ijroups. The tv.'O cocf f icit. nts v.'cre 

4 

constrained to be equal across tlie srji^ples v;jiilc all o' hers v:ere 
allov.'cd to vary. The T-value obtained was 9.6 v;hJcb is c'-t'ater than 
the appropriate T-statistic (^^^'cjyi^r^^ ' Schoolir.s, therefore^ has a 
differentially l:n-;'.cr iinp::ct on c^rr.inr.s aroug tlo iolf cun^lr.yed. 
Con£;id.-rinc t:he screeninr models, there is no incentive fcr the riore 
productive of the sclfr.ri.:]iloy(^d to use schoolinij, as an identification 



8 

Letting ^i "i ^"^^ ^'2 ^2 "2 separate 

regressions for the two worker classes, the pooled regression is of 
the foriii 



" ^'1 




Xj Q 
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"1 


Y2 




0 








U2 



where is n x 1, is m x 1, Xj_ is n x k, Y2 is m x k and and 
P2 «'ire k X 1. 

Sec Fisher (6) for a dJnrussion of hypotluT.es testing when some co- 
efficient:: are constrained to equality. 
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device. If formal acliQyl.inij has only a ajnall productivity enhancing 
effect, it tJhould be luont apparent with respect to this firoup. Regard- 
less of other considorationu, the iielf-eraployixl can carii at moat only 

A' 

the raarkct's valuation of their raarainal product. Ttttwt^iH'ie schooling 
effect for the self-employed is comparable to that of the private clasa 
of workers is a clear indication of cchooling's value. The endowment 
argument inherent in the screening viet; appears to. add liLtle to tha 
productivity nugraentlng view of schooling's return. 

It couli! be argued thut the wore productive among the f;elf- 
employed are the ones who obtain more schooling and, thus, would earn 
mere regardlecs of their educational attainment. However, an httcmpt 
was made to control for ability differences and, in any event, it io 
not clear why the more richly endowed vrould be more prone to engage in 
further echooling (after military lio.rvlre) unlcr-R ihey percc-ived some 
reward (which mus^t be due to skill augmentation rather than identi- 
fication) . 

One obvious modification is to delete the professional class since 
it is, in many instances, subject to public screening through occupa- 
tional licensure. Restricting attention to the managerial class, which 

ifi basically the only othnr occupational category in which the self- 

9 

employed are found, docs alter the schooling effect. However, Inter- 
preting the schooling roefficient within an occupation as a marginal 



9 

The Bclf-cmploycd predominate in the managerial and profesoional 

OccupaLioni cnuiil .!n>', fui: 83Z of tlic- obnci.'vaLioniJ. The comparable 

figure for the private wago clasa is 60%. 

-88- 



■nOORMHUUILE 

return to Kchooling in the usual scpsa la inappropriate given that the 

schoQllnj; and occupational choice dcclclonn are probahly not mutually 

exclusive. For the purpose at hanJ> a comparison bctv;een worker cla&sea 

can, however, still be made reallrdng that it holds only for those who 

hove chosen to enter the occupation and not for the entire population • 

Regressions r.re reported in labia C.4# The overall schooling coefficient 

Cequation 2 or 3) is, in magnitude smaller for the self-employed; also, 

the schooling effect in equation (1) is less at all experience points 

within the sample range, Hov/ever, these differences are not 
10 

^•slgnificcnL". 

Similar reasoning applies to the effect of college quality on 
earnings as bctv^een the two groups • If the quality of college attended 
la used as a screen and merely serves a classificatory function, its 
effect Hhoiild bo ler.s pronounced on the narr?lngc of the cclf-cinploycd» 
To facilitate the comparison, the cubfja:nple of college graduates (those 
having exactly 16 years of schooling) v;as chosen^ Other sample 

restrictions arc uuiintained. The regression equations arc presented 



10 

A joint test on S and SP rcveale that the cchoolinr, effect does not 
eiGnlflcnntly differ between the two groupH. The F value v/aa 1.5. Also 
a t-teut v/nr; pci*fo;*ine(l on S alone for eqiintlop (3) In Table C*8. Tho 
t-value v/at? 1.55. 
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in Tabic 2 bcluw v;hcvc Q r(^pj:cscnti; Lhu collci^^o quality variable 

11 

and othej; r*>aabola are aa provlouuly defined • 

Coniparinij Llio ovcr*ill quality oKect (averaging over experience 

points), it is observed thnt the t:elf-cmploycd do benefit wore than 

private v;orUcrs C^oo equation (2) in Tabic 2). Differences are 

12 

in fact, •'significant"* Sin^ilar rer.ults arc obtained for the mana- 
gerial class (see Table C*7). Descriptive statistics for the two 
worker classes for all occupations and for manaccrs alone*, are given in 
Tables C.6 and C,7* 

The obvious Implication to be dravm from these tests is that baman 
capital augmentaLioa is responsible for the schoolins effect obfjcrved 
in this saiipic. If the major portion of earnings differences between 
schooling classes could be accounted for by sorting, the self-employed 
V7qi!l<l not earn ar: Inrgs a return fro:a additional ?;choolin^; nor v;ould 
the greater l;no\/lcJge gained from higlicr quality schooling have as large 
or as sustained an effect. 

A comparison of average income of rural fariu v/orkers and urban 
workers at alternative schoolJng j.rvels found in Uclch (20) also suppor'^ 
the human capital viev;. The argument is basically the same as that with 
respect to the self-eirploycJ - private v;agc comparison nuide above since 
the rural fam class is predominantly compered of self-employed individuals* 



11 

The qunllty var iable in a Coitrmnn rating* Two such ratings were givcni 
an ncadcniic and an overall oivi. Tlia latter vas usod in the reported re- 
grcr.ssioufi* Ucsulta v/lth the former are nlnost identical* The simple 
correlation belv-ccn tbe tv;o v/as for both worker clasrten* In the 
tnbl(?s and i ogrc.'ifJonii the orl;;inal ral ing vms divided by 100. 

12 

The t-valuc was 2#^4# 
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Aa Table 3 sho\;;! the p(irccnV.n};u incro.\v.c. in earulniis v;ith lucrcased 
schooling for tlic ynt.r old u^a clnaa rcpoi.tcd by Welch rises 

ruo/c rapidly for rural f.-ruers. The ab.snnce of a ccrecning raotiyc 
vould preclude yuch a result if schooljug did not aucrocnt productivities. 



TAJiLE 3^ 

In.iome in 1959 for Urban and Uural Farm Males, 45-54 
Years Old, by Years of Schooling 



Conip:;rir;on for the /,S States 


1-4 yrs. 


12 yrft. 


16 + yrs. 


Urban Avcr.'!;;c 


4.370 


6.900 


10.130 


Rural Faira Average 


2.780 


4.900 


7.600 


Dif forcnco 


1.590 


2.000 


2.530 


Ratio 


0.64 


0.71 


0.75 



Computed fro:n data provided in the U.S. Census of Population. 
Source: Welch (20), Table 2. 



One possible test for the variance coriponent of the screening 
return can be made by cor.-.aring carnlngr. profiles of different schooling 
groupo. The argument can be wade explicit v/ith the as.oumpticn that post 
schooling investnc.its arc zero. If cither or both of the variance 
componcntr. ( -~ or jjy ) are operative, the private return to school- 
ing may be larger than that which Ir, .vnrrantcd by actual productivity 
dlfftrojiccs. llovuvcr, as fJrrr. Jeani .'bmiL nct.ual !-.].ill 3cvcl:5, v/age 
rater, will ndjunt to reflect performance. Wagen should, thus, regress 



to thvJ.x ceiTiiainty Icycla. Notice that tlicira Is no ncccunlty for tha 

Vurlnnco parancUcra to work in the soma direction or even for their 

effects to favor the more educated. Nevertheless, the null hypotheses 

of an upward hL\s in schooling's private return due to variance effects 

vill be maintained. 

Recall that aji:bi^uou£; theoretical results wore obtained with 

respect to the effect of uncertainty on labor danand^ Initial v;agc 

rates might be above or bclov; that which would prevail under certainty • • 

VUth perfect information (a^ » « o) and in the absence of human 

capital accu:Kulatlon after the schooling period, mean wage profiles 

for the two schooling clnsucc, as depicted in figure 1, would be 

horizontal. Those with greater schooling would earn AC more at all 

stages of \orh experience. However, v/ith variance effects favoring 

the r.:ore cJuC'.lc J and a5;.Mii.»inj;', a no^al Ivo inipact of uncertainty on 

factor dcriaml the wage profiles v:ould be given by A'B and C'D where 

"full" learning occurs T years after initial work experience. As showni 

13 

this leads to convergent v/age profiloi; over some range. 



13 

Tlk^w conclusions are not Independent of the learning process. All 
t; it is being said in that the more educated will earn more relative to 
the Ici^s educated than iri v»arrantc:d by true prodtictlvity differcaces 
and that ovot' tine relative wage rates will begin to reflect this 
initial bian. If there arc different rates of learnings about the two 
groupri, thore my ho a pe riod durlnj; wluch e.iininj;:; diverge but con- 
vergence must, never thclenr:, occur over some range. 
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Fliiuvc !• Wage - Experience Profllun with TmpnrCcct InComit:ton 

by Schooling Clasn 



0 



Coniplicationr. arir.c when thorc are opportunities for on-tno-job 

training* If pofit-schoolxng invcstricnt behavior ia FyGtciaatically re-- 

latcd to educational attainment > any tlo.j*,rce of convergence or divergence 

can be eliciterK If the wore educated either invest more heavily at 

each level of c::pcricncr!, or if they earn a larger return per dollar 

14 

Invested > profiles will teiid to diverge* If this is the cacci then 



14 

Th»i incorporation of learning into a human capital production tcodel 
Is clearly relevant to the ishnpc o£ earnings profiles, but the issue 
is very ro:";:^]^::. It is ono pos.sihnity for e>;f:^Midin;; Kcrponln;» niodelr. 
to a life-cycle context which might elicit; more concrete testable 
implicationn. 
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thft v.ii:iajice cXfccta, if Lhey cjxlst, vill be disccrnable only if they 

15 

ouU'cifih tha traiuins effects. The available evidence susccsta the 
exact opposite; tlie varinnce return is overwhelmed by syateraatic invest- 
ment patterns. For examnlc, in Mincer (13) and Lillard (12), it was 

1( 

found that dollar earnings profiles diverge with increasing experience* 

The regression equation used to test for the existence of the 
postulated variance component is specified below. The form was chosen 
for the specific screening; hypothesis rather than as a direct conse- 
quence of a formal theoretical construct. It is not 'particularly 
different from the ucual types of earnings functions that have been 
used in other studies. All variables are as previously defined. 

(1) In Y « + S + P + ^2^^' + ^^^^^ + o^A + a^AP+|i 

Hiucer finUc convergent in Y profilen usli;^ tl^u crosG-sectiorial 

1960 1-1^000 Cenous v;hich.he attributes; to the more educated Investing 

less **tljae" in job training relative to the less educated. Welch ^3)» 

hov/ever^ perceives a vintage effect as the cause since those with more 

exporXoiice obtained their schooling in earlier years. The latter is^ 

however » not poj;nible in this sample, given the manner in which the 

sample is const ructed. Experience levels do not correspond to specific 
age c -'.orto. 

Ts 

For a complete diycuscion of the relationship between human capital 
accumulation and the life-cycle earningc distribution see Mincer (13) • 

16 

Mincer ur.es the 1960 1-1,000 Census^ Lillard unco the NBER- 
Thorndikc sample described more tliurou^jhly in the text# 



Since coiiver};cnco. iji.pliou declining carniw^'S diffcrcjitiflla between 
scboollna claseur. \d.th cMpcricncc, a ncfiativc value Zox the least cquares 
estimate of would be ccnsintent with the ccrecnlns view. Kotc that 
it vfould also be connistent with Mincer *s human capital model. The 
ability tonnn arc Included to allow for the possibility that individuals 
of crcater innate talent or initial "cklll" Invest more resources on 
the job or earn a larger investment return. 

Regression results for private vagu and salary workers arc reported 
In TahJe 4. Descriptive statistics are given in Appendix C, Table C.x. 
Several different sample specif ication.y were tried; the basic results 
are generally unaltered. For caample, there are probably non-pecuniary 
returns or. labor supply considerations t:hich explain the fact that 
teacljcrs by far have the highest .average level of education yet rank 
only fifth (out of 8) \rLt\\ respect to earn-fngs. Also, rocdtcal doctors, 
lav.7Grs and h :r professionals arc generally restricted in their 
schooling decisions and would not be subject to a variance return. Tlic 
major effect of excluding these groups is to cnh:;ncc the effect of 
schooling on earnings as shovm in Table 4. Since labor supply variables 
were given only for the last job and cjitrapolations back to previous 
Jobs would be highly subjective, no rtterapt was made to Incorporate 
theiu into the analysis. 

Concentrating on equations (3) and (5), it is seen that the per- 
centage increase In earnings due to an addlMonal year of experience 
Is larger the greater is schooling; In Y schooling class profiles fan 
out with experience. For cxaia^le, from equation (6) at 5 years of 
expcrloncG an extra year of schooling in associated with a 1.5% 
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IncrcAse in cariilnj^i^ vjille tlm comivirablci cfCccts at 10 » 15 and 2Q years 
of experience are A#2%> and 9*6% rcspcctivclyt The training com- 

ponent » it that is the proper explanation, is^ in fact, quite st/ong 
as earnings are estimated to be lower for the more educated for several 
years after initial cmplojnncrtt Notice that ability differences also 
have larger impacts at later experience • 

Since the self -employed are not subject to an educationally based 
market screening process, there should be no relative certainty return 
to those \A\o are more educated* Earnings profiles should » therefore^ 
diverge to a greater extent for this group if the null hypothesis that 

4 

systematic variation in past-schooling investment behavior with edu- 
cational aLtaiinuent is identical for both v:orkcr classes is mintained. 
There is no a priori judgment inherent within the human capital frowe- 
vork as Lo this co.ipariroat 

Looking at equation (1) in Table 1» the 8chooling-o:pcriencc 
interaction tcra is seen to be larger for the self-employed as \^a8 
suggested by the screening model* A one-tail t-test loads to a 

rejection of the ntill hypotheses of coefficient equality betvecn the 
17 

two snmplGc* Hov;everi that this may siiuply be a training effect can- 
not le ruled out. Qualitatively similar results arc obtained the 
vumagerial class (see Table C.A» equation 1). 



17 

The t- value was 1*8. 



Consider nlao the ubl1ity-o:pe?:j'jncc Intcrcicrion, Tho ability 

of Hect increase?;; with c::periencc for private \%v.i;e v;orkerj? but la 

.18 

intilcnif icanL in the sclf-cirtployccl rof^rcssion equation. The impli- 
cation of the screening uodul is that ability differences (if the ability 
jneorure rcfli.cLi^ productivity cndovnnouti;) will be discerned by 
employers and caraincs will, thus, over tijns, more nearly reflect thcso 
differences. Fur the sclf-^cnployed, no such effect should be observe- 
ablc. Hot;ever, it may je that the 5,1; J lis ineaaui ed by the ability 
yari ible are Ictin relevant for the celf-eiaploycd. Indeed, a larger 
ability eJ:fect \.'ould be c::pe»:tcd for this group at initial «:paricnca 
(P « 0) tlum for those privately employed since, if the latter are 
eubiec: to screening, indivtdualB of diverse abilities, even within the 
same schooling class, would initially bo more equally compcnj:atcd. 
ThjG is apiianmtly not tho case; thn ;>hility mcanure nppcarc not to 
capture job-rclcvant skills for the t;t-lf-employed. 

Basically, the same nrt^uments cnn be made with respect to the 
impact of schooling quality on life-cycle carnlnsK. If college quality, 
£or exrmple is used by f iri s as an informational device and there is 
a variance con^poncnt to thlc return, profiles of different quality 
Croup« should converge V7ith experience. On the other hand, if no 



18 

For the t5eir-ci:»ployf:d F « 0.992 vhlln for privntc wap.o v?orhorB 
V ^ 35.935. are dci ivi^d from thin-j;roiip rc-»rcs5iions which 

naturally hriV(» identical couff Icicatri an thorsc given in the text but 
have di/ fercnt variance-covariance matrices of the coefficients. 



information is aUt-H'-heil Unowinj; tlio college nn Individual attended, 
profiler, j:lumld he Jdcnticil. Note that it' thlc laio\7lodcc ia value- 
lesa to the fira, it in preiiur.od that no dail difference.^ odct. 
Assjumini; (iunllty to be a valid ncrccn, one should find no converijence 
in a corcpariiicn of private v.'af.o \.'ovkcrs v;iuh the celf-cinployed or, if 
trainini: invcutnicntH arc for come reason positively correlated with 
college quolity (ability constant), Rrcater diverscnco. To facilitate 
the corapariscn, the subKanplc of colleGc tmduates (thoce with c::actly 
16 ycarc of schoolir.tO chosen. Other sample restrictions arc iiuiin- 
tainei!. The recrcssion cquiition is specified identically to that of 
equ-.ition (1) t-;cept that n colleiie ijuality mca&ure., Q, replace the 
schooling; variable S and QP replaces SP. Results are presented 
Table 2 coiT.blninc all occupational categories. Managerial regressions 
are reported in Appcndi:; C, Tabic C.8. 

ConsL^tcnt with the ccrccning proposition, earnings profiles 
diverge to a greater extent as between college quality levels for tha 
self-employed. However, the t-value asaocinted with the test for co- 
efficient equality is 0.506^ \.'hich implies no "significant" difference 
In the rate of divergence. Tliis result is unaltered when only the 
managerial occupation is considered. Uence, there is no conf irioation 
of a variance return to collega quality. , 

The preceding foriiiulations have attempted to discern the oiistencc 
of a variance or relative certainty return to schooling which docs not 
reflect productivity differences causally related to educational attain- 
ment. Admittedly, the tests are crude, yet the results generally do not 
confine any subj;tantlnl bi.nn in schooling's return duo to this factor. 
Clearly, furtncr quantification of systematic post-school behavior as 
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i:clivtucl to acUoulini', nbiliLy aiul collticc qunlicy iv. osHcntinl. 

Tlia {Strategy has boon to co^plorc the iniplicatloiuj of the two com- 
pctiiiJj vJcv's of the {u-hooliii^-^uccmio relationship and clevalop procedures 
whicli iiilj\ht Indicate at least the direction, if net the magnitude, of 
echoolinc'iJ predominant ro.lc. An noted, taken singly, tha tcotj? are 
not powerful; yet, cu:nulatively , the ircsfjajje: is clear. A significant 
Bcrccnini; component is siwply not revealed. 

Because of the difficulties ixi doslguinc and iinplcweuting pro- 
cedures to isolate the tv.'o effects, it vould be a useful axcrcice to 
outline an empirical specif Ication vMch, Ignorlnji data requirewcnte, 
has etron^ly divergent irjiplicationa under the tx^o rcfjlincs. Such a 
model ia outlined be.l.o\7. It is not intended as a complete specification 
of an appropriate teat. 

ConcrUicr a v;or.1.d couponed ':>fn . ?,uor.rcphic unit:*, (rrr.lonc, coun.tr ias) 
between vhiJi labor is completely lra.;obile. Regions are acsumcd to be 
coraposcd of individuals whose aggregate "ability" or endowed producti- 
vity difitributious arc identical. Suppose, moreover, that schooling 
Berves only a screening function, and, because of taste differences or 
Spencers multiple cquilibri- , for example, schooling distributions (in 
particular, average schooling levels) diverge between regions. Also, 
for simplicity, assume that schooling's screening efficiency is the 
same in all regions in the sense that an additional year of schooling 
moves an individual up the ability distribution (in an identification 
sense) by exactly the same omount in all regions. For example, the 
average ability of those \d.tli 10 years of schooling in one region might 
corrccpond to the average abij.ity of thonc v/ith 12 years of schooling 
in another region and liUcwi.'ic for the sci.uoling pairs (11, 13), (9, 11) 
etc* 

-101- 



■EST tan RVMUWLE 

Under thcjio aamuiiptioiia, the Vi^.tcu oJC return to scboolins obtained 
frojn fiJmplci vLtihln rcsi.on fichoolinij-carninjiR rcfircnjiona would bo 
identical for .ill rcgionw. Consider, hov;ever, poolins the n oamples 
and pcrformiug tho following regression: 

« 

(2) In - + p^Sij + p^S_j + P3X^^ + u^^ . where 

^ij» ^ij ^ij "^^» rcepectivoly, the earningo, chooling level and 
other relevant chnracteristicH of the i^^ individual residing in tha 
jth rc-jjionj s_. is the average schooling attainment of those individualr. 
in the j'^^ region; and u is a disturbance tcna. 

Clearly, an increase in an individual's ochoultng level (S. ) will, 
holding the mean schooling level (s ^ ) constant i increase carninss due 
to his improvc'iruit in powitJon relative to other* individuals. In fact 

A 

would be identical to the vrLthin-rcgion schooling regression co- 
efficients. However, an increase in s"j, holding the i*^^^ individual's 
own Bchooling level constant, v;ould worsen his relative position, i.e., 
identify him with lov/er ability types and, thus, reduce his earnings. 

A 

In a screening world, p2 would, therefore, be negative. 

If these were the only iraplicationo, this frainework would not be 
very useful. For, under a productivity augmenting view, the sa:ne pre- 

A 

dictions are possible although p^ could reasonably be positive if demand 
conditions were the cause of the different cchool.ing investment patterns. 
There is, however, a much stronger prediction. If all individuals' 
achoollng levels v;ere augmented (or reduced) by an equal awoun , say 
one year, any individual's earnings v;ould be unchanged. Each individual 
wo.ild remain .in cjractly the r.amc position rclntivc to others fn before. 
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Thuu, thu £iom oli the Ivo cocfl! iuionti; (pj^ + [3^^) r.hould be aero. The 
ti;oj.*e potjj.1 J.^'( tlu'ir r.ir:u Llic Icm, .I.nporuaijcc coul.d one riicrlbc to the 
ecrecninfj 1i>poLhef;cs. 
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cii/vnrji V 
sulI^^/lRY Aim cokclupjons 

The Uiiiscrtatioii v/na basically divided into two parts. The first 
portion (Chapter II) described a model of a competitive firm's employ- 
ment decicioau \dien «oma inputs are of uncertain quality. In pnrticulnri 
individual productivities v;ere assumed to be unkno\^ to the firm prior 
to hiring and neither inytaatr.neously nor costlersly deterninable from 
direct observation of on-the-job perforn>ance. Instead, the information 
available to the firm was restricted to knov;led[ie (a subjective compo- 
nent v/as also treated) of the first t\;o moments of the population's 
skill distribution. Output was assurucd to be a function of occupation- 
specific agprejiate skill levels and capital. Within an expected profit 
maximization framexrork, uncertainty or risk in the form of skill 
variance \;as shov;n to load to a reduction in expc-cted profits at the 
previous input scales* IIov:ever, its effect on labor demand was seen 
to be ambiiiuous; when decomposed into substitution and output responses, 
% the former may imply a greater utilization of the risky labor input* 
Although depending upon production function proi^erties (in particular, 
tliird partial derivative^;) , the intuition for this result was simply 
that the firm substitutes tov/ard those factors v/hich most reduce the 
negative impact of skill variance on expected output. 

The rationale for the use of screening devices, e.g., schooling, 
aex, age, etc., v?hich may segment the population into classes differing 
in their skill distribution parameterLi, rms nciit considered* It waa 
demonstrated tliat the demand for individuals associated with a given 
(schoolinn) group depended upon both the avcrace «klll level and the 
varlancfi-iiican hUUI ratio oC the group. Since ekill variance reduces 
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exiJoctctl profJ Lr,, Iho. iattcr c.oinponcnl was Interpreted ar> a re.lativu rl«lv 
eXfcc!.. With an Imperfect device (one v.liich Iocs not perfectly predict 
productivitie: ) production J{;o(iuani:s rrtlating quantiticc o£ labor of 
different classes v;cre, under plaiKulblc a.snumpt Jons, sho\m to be convex* 
Given market \;a:;c adjustruutt; or. a rccult of ccrecninj;, workcri; from 
different C5>clioolir{;) cla.;scy may be employed within the came occupation. 
Moreover, since any device 'r; tiorting capability nay differ across 
occupat:ionr», worker characteristics nay ali:o differ* 

Applying the model speeifically to education, it was seen that the 
relatiouship bet wen income and schooliut; need not be due to rkill aug- 
mentation. Schooling'ij private return can be viev;ed as a reflection of 
itB informational content, i.e., its sorting function. Several models 
(Chapter III) v^hich explicitly consider the individual's schooHns 
dcc^pion in n rjrrecnirg vor^'-d voro. ccr^^^rlorod . Hottvc**, there frrmu— 
lations tended to ignore the i;ocial value of schoolinj^'c identification 
role. This point was then explored in the context of the previous model* 
In essence, elininating bcLwecn group skill variance through the use of 
screens was 6lio\7n to lead to a more efficient allocation of vjorkers both 
within and between finns. Therefore, even if the higher average skill 
levels asf Oi.lated with the more schooled were not produced in the 
schooling process, schooling's social benefit v;uuld not be zero. There 
arc aggregate output gains fro!Q screening which may coexist v;lth any 
inlMturc of the tv:o views. 

The second portion of ♦he disi-ertation described some anpirical 
attempts to disentangle the productivity and Identification effects of 
schooling. The reaults of tv:o previous, f.tudles were reported 
(Chapter III). The first attempted to discern the existence of the 
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procluctlylly elfoct while the second canccutrniiod on the ac):ecnin[j effect:. 
Tha evidence foi; the e^:intencc of nchoolinp/n productivity cnhnnclnjj 
role v:aK ceon to bti greatly wore ccMivincing althour.h the. nature of the 
hypotheiiis did not rule out an in^portaat scrcenlnj;; role as well. 

Further empirical te3t^: \;crc performed and their reculto discussed 
In Chapter IV. Tests for both the menu and variance components of the 
return to cchoolinc vjcre conducted. Variance effects v;ere, however, 
not readily dlstlncuish.'jblo. from on-the-job training effects. Neverthe- 
less, it \;ould be safe to conclude that no substantial upward bias In 
schoolinj'/s return v?as di&ccrnable as a result of the postulated relative 
risk prcnium. 

Probably the stroxi-iost test for the cxictcuce of an identification 
effect was based upon a cornparison between schooling's return to self- 
CTiployofi' nnrl private t^-^jo vn)rl;Grs. Since the former are not st?hject to 
a screening procerus, i.e., there is no need for thew to identify their 
capal litics t hrough fomal schooling, the absence of a productivity 
effect should raanifent itself in a lov:cr return to schooling than for 
the latter group. Using the IIDLIR-Thorndike saiaple (see Chrpter IV) in a 
longitudinal fashion, earnings regressions were estimated and profiles 
of the tV7. worker classes compared. The schooling effect, either 
averaged over all life-cycle points or at alternative levels of experi- 
ence, was shown not to be "significantly" different for the two groups. 
This result was maintained even after excluding the professional 
occupations and, thus, considering only those in the managerial category. 
Similar results wc);e obtained for a comparison of the effect of higher 
"([uality" uuderj^raduatc training on earnings bctv/ccn the two classes* 
It was demonstrated that the earnings of the self-employed arc equally 
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augnumtca by {^roaLci: quality r.clioollng, a ):cr;ult which would have to be 
duo to rk.Lll anr,i"':'ntnt ion rnLhcr than IfkuL ljClcntton. 

rurthcr iiukn>cMHlcnt evidence related to this controvcrey V7as also 
discuiiiU'd. For c.^iamplc, VJelch's (20) incomc-schoolinc comparisons of 
rural farm workers (^jcncrally, Lhcy arc self-employed) to urban workers 
supported the previous finding that the income gains from schooling are 
subs;ti:ntinl even for groups not influenced by a screening motive. 
Further doubts as to the lmpoi:t;mcc of the ccreening viev/ v/aru raised 
in a brief discusi'don of the grov.»th accounting literature. It was also 
noted that the ccreening modcln aurveycd in Chapter III did not appear 
capable of explaining, tha rapidly rising schooling levels observed 
over tii«c. 

An iwportant point noted in Chapter IV and also stressed by other 
authors (recker (3), Chiswiclt (S)) was thn.t in order for ecb'/olinn to 
serve luaiuly a screening function, one \70uld have to discount the pos- 
aibility that there would be i^jarUet forces which, through the development 
of cheaper inf ormntion «30urces, would destroy the screening motive for 
schooling invcstiiicntc. There are tv?o reasons why market jicchanisms 
might not be strong enough to bring about this result. Either the return 
from developing alternative courccs of infonaatlon are not large enough 
or schooling is predominantly a productivity augmenting instrument. The 
latter appcnred morn plausible given the existence of devices already 

« 

In use (by schools) to predict school success and the substantiatlal 
private cost of attending scliool. 

In concJusxou, the apparent use of schooling as a screening device 
did not appear from the ojnpirical work prcnontcd in this dissertation, 
to atom from a mere identification of productivity types. The cvidence> 
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in fact, Villi fuic.h that a pure j)rocliictJ.vity au;::ncntinc viev; of the 
inc.oino-r.r.l:ooT !n^; rclniii.uf-hip appcvncd greatly riorc. tenable. 
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This appendix to Cluiptor II f trrt deir.onstratcn the propositions In 
the text fo- {:hii ninslc skill input model and then CQncrali?:es the proofs 
to the Dultl-factor case including all of the distribution parameters 
discussed in the text. 

1. The R:tn :>Io Skil l Tnpvit llodol . 

Bcginnina with equations (13), (1A)» and (15), the proofs of 

which arc given in the text, the pure substitution effect can be 

proved as follov.'s: 

L do2 lA lA 



Substituting for and 

(A. 2) (-'^Lq^) (^i^r^'-) 

L do^ ' l5 



(hoi - hoi] [ \ f . \ /J[*K_ 



Similarly, 

which, upon cubr.tltuting for Z^j. and ^'^^j., and performing the Game 
manipulations a^ above, reduces to 
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(A.A) ff^- . .a a / ^J^l - i^^l] ^^^^ 

Subtracting A. 4 from A, 3, rcali:?irT. that a. + * 1, yields A. 5, 
the i»crcf:ntni»fc nlteratlon In factor ratios due to a change In 
variance. 



(A.5) illL. . IdK. / W - <K0^:\ 

Subs tJtu ting 

4 

into A.5, it is c'ccn that the pure cubstltulion cfftxt does depend 
on third partial derivatives. 

L dJ^ K da- K SSS S SKIC K SS 

That marginal expected cost must IncrcoMc with the introduction of 

uncertainty can be demonstrated as follows. Scttinp, ~ 4- ■ 0, I.e. 

do * 

restoring output to its original level, and asoumlnc no substitution 
effect ( -J- » 0), frorj (13) in the text, A. 7 is obtained. 



(A. 7) , j.^^^^^ ^ ^^^^^^ ^ Vk)1/a 
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vherc v ^ — « -'"^^ , Stib5:tltutlii{i for A and A . 

(A.8) .^^''^ - *a^f\L::ji::r 

vhcr. T = - i.^^ + 2<.^.J,_^*^.^ . But 

T > 0 Is tliG condition for coct minlmizationi 

A > 0 in the condition for profit r^xiinl ration and 
o 

^ < 0 as previou.^ly dctnonctriitcd.. Thuo, inr.rginal expected coct 
oust riyc a« Ioiiq as variance reduces narcinal expected products > 
i.e., Y < 0. 

The net ccalc effect Is found cettinj* — =• - ^ , « 0. 

da'' 0^ 

From (13), 



K 

Similarly, ■l^^v,-- ^.A:. Therefore, 

(A 10) 42iA - - ( hsl ^]*£i l^L X 

With the introduction of Gchoolinc no a screening device i 
expected output in ^ivcn by equation (22) in the text ao demon- 
strated. The timruln."] rate of nubnti tution for vorkcrn from the 

two scboollnc clascon io found in the usual manner. Totally dif- 
ferentiating; (22) and settina d Y « 0 yields 
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Ch C us 11 C u~ u 

substitutinn M. - ^ „„a w, (^^^.r,^ 

C S H S 



2 



where Rp « ^ ami IL, « Into A.ll, A. 12 is obtaincJ. 
(A. 12) dY « 0 « dL. riV^S ~ R6 ^ + R % 

s s 



or 



(A. 13) * "^^-C - / ^'{'S - ^^'R + ^lltR 
d^il I • ^^R *^ Vr 

To dciaonrtrate the convc::lty condition for the production isoquants, 

differ cnticti A. 13 vlDi i:c:;pect to L . Dcfiui.jg k " "S";^. - R* + 

n C S R 

R^<|)j^ and k^^ = ?(^- - + R^^.^^, one obtains 

(A.i/.) - y-c^i C^'W. 

H dL^ 



C SS ^hl ^*?R OLh ^ ''s dLji 

- R4 *ll ♦ t'l^ . R <^ - dS" , 
'l^iT dL^ " R dl.^ + H RS -aiqj J 

"dr^-^VKs uf 3 
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But, ltj.ny - " (\-\)(Si- - P.^p), and 



AlKc?, jtjS « |i +|i V>r.-\t,,) and 



dl'll ^Lji '<>ltc ^''U ''C h 

SubstituLioA of tlicec cxi rasslonr; into A. 14 and rearranginj; term 
yields 

(A. 15) -d^Lr. ^ «V£cJ:J]x f^*is ^'J's " 



o - S _ 



wliich v.'il] be negative: if and only if 
(A. 16) < 2 'J'S (S^- -A ), 

or (A. 17) < S<J--F~- Bince S^- -6 « ^ S2 i ; : , 
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2 ^ The-. M ult: I- if a c t;_or J^Ior lol . 

AttonLloii 1:5 nov; vc:5tr ' cicd to the fonualntlon of expected 
output p,i\cn by cc^uation (.29) in thc\ tczt. To olLn.iji that result, 
It is asuumcd that firms bclltivc the meon skill level to be the 
true lucan v/ith sor.e cubjcctive variation attached to their belief. 
Assuni.^,': that firmo vrf.th grcalcr uncertainty can ejipcct to sample 
no yorHo. than Umvi vith more confidence in their beliefs, and that 
this type of subjective uncertainty is uncorrclated over occupations, 
the appro::lwatlon of c:{pected output is simply additive in the two 
two types of varinnca. Specifically, is distributed with mean 

(i and varianci-5 oVl. \.hile p is subjectively dLstributcd with mean 

^.1 J j 

(ij and variance o^-. Thus, tbrir difference, , is distributed 

J J j 

with mean zero and variance oJ/l + under the covarianee assumptions 

J j j 

previously m.ide. Expected output is, therefore. 

Where R « o^ii^ anJ R « o^f^z Tnn cquUibriiim conditions for the 
competitive firn arc; 

(A.19) V'rV -*\*h*h* '-V^) 

(A. 20) •= X*, j«l,. V 

(A. 21) Pj, « 

(A. 22) X « MC « r^. 

Totully diffcriuiticiLini; v;ith rc::pcct to 0^' (or o^) and rewriting 

ft i» 

in matrix notation yields 
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\ \ h< \ 



1 • • * 



IOC 



I dIC/doJ 



Solving for dLu, the effect of bklll variance in the A*^^^ labor 



th 



input the emplojT.cnt of the k , yields 



7^' ' *»| > 'A '^j'-k 



<tc| 



vhere is the detorntinant of the left hai;d square matrix and the 
subscripted are the relevant cof actors. The pure substitution 
effect 1.9 (reciiil that dY - <{> j) is set equal to zero; 

0| ""i 



k 



But, from Allen (1) , q_ » 

J Jk 



whore 



Ojj^ is the Ailcn-Uiinv/a partial elasticity of substitution. Therefore^ 



2 
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Notice, tluit for tha one ukiXl inmt /.lodol, a, a, , «= '<t,,o„^ vto tbat 
etiuation A.X reduces ^roin A. 2b. The net scale eCl;cct is clcraonatrnted 
in a filniilar manner and is given by 



(A. 27) d2v/\ »^ t ^hp f, E\ . ^Y^l \ . 

The reason that resultu luay not be Bynunetric tor is rsiiuply 

St 

because ^ ^'jl, ^2 . Notice that 



(A.2iJ) ^j^.^, . iXjL.F-^-^-^ torj/^o, and 
and 

(A.:i9) - k lijL^ Kg^s^g^ 

Thus, 

(A. 30; (j.L*2 " ^L.aJ 'L and 

For a linear homogeneous production lunction, twice differen-* 
tlatinf; liulcr'c equation vith respect to S. yields 

(A.31) Cj^F- - - + S F- - ~ + .. + S F- - - + F- - + ... 
or> usln;; (A. ZD), 
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Since for a linear homoceiicous function Tih — b » . 

. EP, "j* 

(A. 32) is identical to the net Bcalc effect e^vc" in (A. 27), 
Thus, for tills function, the initial reduction in output duG 
to an increase in skill varicince lor an) single occupation is 
also the f' ll reduction. 

However, for a|, the Eulcr equation implies 
^ "2 

CA.33) ' Ea - F- - < 0 

A 

60 that the net scale effect duo to the Introduction of a^- 



must be positive; cquilibriuia output will be lower than the 

•2 
'I 



partial reduction given by • 



Thla appendix dcmurusr. fates tUo. pvoijositioiia couccrninc echoolinc'a 
60c:i:al rcU ru as an Identification device that was outlined in Chanter III. 
Aegrcgntc output is given by 

as demonstrated in the text, \lith Pchooling serving as a perfect 
screen, 

«i " Lili + 

L h 

Since each firm muat obtain and uaiu« of skill from each 
individual v/ithin the two respective schooling classes. Since 

Where I h " L . £ L - L . L + L - KL. L - L + L . 

i Hi H i pi (J H C Hi Ci* 

K being the number of firms and L each txrm's lobor input, 

But 0,^ - iS) . - ac,-"!) «inco + L,,.i. . ia + Is. 

Thus, 

(B.3) LZ t (\-t,)2 » J 0,^^ . iC)j ^^^^^^^^^ 

CIJ^) in the text. 

With iwpcnfect screening, each Urn's earaplc mean skill level from 
sampling witliln schooling claasca will not be identical to tha actual 
means since g^, / Q, 
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Moreover, 



8ci - -^^^^ . " fi.^m + silBC 

^Ci ^C ^ Lc ^LC 

. ^ hlL » Liii A Lh % 



with Lyi^g being the number of A individuals in education ciasu 

and eiiiiilar detiniuions lor L;^^, L^^» Ljj,j. 

Hence, 

Lap III 



1 i 1 A ACi AUi N N 

^ ^B ^^kiCi ^ ^BIU -N N"^^ ' 

But, L. +L - - iAU . - o 4. T ^H. 

Finally, 

tB.b) l2 £ (i-ii)2 - (8.-0J2 5 { [L ^hi. . r, .!:ah ? 

1 A B' i * ^ Aci N J + i^AHL N P • 

Since, under screening, thoae firms which sample well from both 
schooling classes, i.e., large proportions of A workers, must 
exactly be offset by tirms caippling poorly as the number of v/orkera 
sampled from each Bchoollng clans is the came for every firm, the 
effect of between cchooling clnsc skill variance has been eliminated. 
Variation within classes still remains, and, thus, schooling's 
•ocial value Is smaller than under perfect screening. 
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fov the multi-6lU.ll input jnodel iliKcuRned in tlia text, It i8 

♦ 

only nocc):v,.^vy to 'itld U^i.t, by allocating worUcrs to occupations 
throucli tlio une oU schooling as an inHorcjational device, the 
wenn skill leyol of the population from. which it samples is 
hoooted. In the exnir,ple given in ti.vi text, the net etfect of 
ecreenina io to raise [ij^ (thu.s "s^; , and luaUe tlie latter tv;o terras 
in equation aero. 
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TAULl C.2 



Moaiu^ and [lis lul.wd DcyirA.lonii of Selected Varlnblea 
Cor the Sclf-r^nployod: 
All Occupations 



Ln Eariiin^r. 
Scliooliua 
Experience 
Age 

Ability 
Earnin;ir. 

j? oi; ObscrV'itioA«: 



Means 

9.116 
15.31 
10.60 
35. 

0.117 
11,CG0 



Standard Deviations 

O.7027 

2.3A5 

8.692 
10.06 

1.769 
10,A20 



1.906 
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TAULR C.5 



Occupnl: f(iKal DiiV. rilul:ionsi iox Trivato Va{;a 

(a) 

and Self-iJiaploycd VJorUers 





Privjite 








181 


(. 2.3/-') 


89 




Educator 


865 


(11.0$) 


8 


C 0.4%) 


Profcsaionol 


1252 


(14.9%) 


347 


(18.2%) 




3512 


(44.5%) 






Coirj.iiaJ..ioncd Snlcfiirau 


604 


( 7.7/.) 


105 


C 5.5%) 


Tcclir.j.cnl 


532 


( G.7/0 


106 


( 5.6%) 


Sld.lled-Mnnufil 


350 


( 4.4%) 


5 


( 0.3%) 


Serai-Skillcd end 
Unskilled Il:-Aial 


104 


( 1.3%) 


0 


( 0.0%) 


Service, Clerical 
Laborer 


294 


C 3.7%) 


0 


C 0.0%) 


(b) 

Other 


199 


( 2.5%) 


8 


C 0.4%) 


TOTAL 


7893 


(100.0%) 


1906 


(100.0%) 



(a) Both major and minor occupational categories are reported • The 
table refer s only to the former and, as previously noted, only 
to the lost job* 

(b) This Includes Trainees, Apprentices, Journeymen and Miscellaneous 
Wliite Collar Wprhcra* 
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TAIILK C.8 "'""Wf/LI 



Collciic. Qu'.ltiy Kcp.rossUmF. for Cpllcp^u Gt.'icluanes: l-lana^crs 
Cocfiiiclenti; (L-valuct; in purcnthcuis) 



private Self-rni;>.loycd 

P 0.0820 Q.0660 

(.11.3459) (.4.8502) 

p2 -0.0015 -.0013 

(7.9462) (3.8507) 

Q 0.0211 0.0070 

(1.3495) (0.2340) 

QP^^^ ; 0.0019 0.0049 

(1.5934) (2.1550) 

A 0,0018 0.0059 

(0.1917) (0.3757) 

AP 0.0020 -0.0005 

C2.8150) (0.4704) 

Intercept -0.1437 8.3823 

(0.8434) (55.75v6) 

r2 .6153 



(a) Tlicse coeff icients are not "statistically" different f»s t^l.ie. 
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